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EXAIRESIS OF THE PHRENIC NERVE IN THE TREAT- 
MENT OF PULMONARY TUBERCULOSIS: 


RAY W. MATSON 


A simple phrenicotomy was first proposed by Stuertz (1) in 1911 for the 
treatment of severe unilateral tuberculosis of the lower lobe of the lung, 
although it was first performed by Sauerbruch (2) in 1904, in order to 
facilitate resection of the oesophagus in animal experiments. Stuertz 
advocated this operation for those types of tuberculosis in which an 
artificial pneumothorax was impossible on account of the presence of 
pleuritic adhesions, believing that healing would be promoted by effect- 
ing a collapse and rest of the diseased lung portions. Schepelmann (3) 
later, in 1913, confirmed this view as a result of animal experiments, 
and stated that he believed a diaphragm paralysis would also favor heal- 
ing in an apical tuberculosis. 

Bardenhuer (4) is recorded as having been the first to report this opera- 
tion in 1912, although Oehlecker (5) published three cases in 1913, the 
first of which had been operated in 1911. 

In 1913 Sauerbruch (6), without knowledge of Stuertz having pro- 
posed this operation, published a report of 5 operated cases. 

At the 11th annual meeting of the National Tuberculosis Association 
Matson and Bisaillon (7) reported two cases operated in 1914. They 
remarked at that time that the operation was of doubtful value as they 
had observed the return of function in one case. During the next few 
years, we operated a dozen or more cases, but like other operators, upon 
observing that the hemidiaphragmatic paralysis was not permanent in a 
large number of cases, we abandoned the operation. 

Up to 1914 twenty-six cases had been operated by Sauerbruch in his 
Ziirich clinic, all of which were studied roentgenologically by Walther 
(8), who, after a careful study, discovered that only 5 cases showed a 


1 Read in part at the annual meeting of the American Climatological and Clinical Associa- 
tion on May 2, 3, 4, 1929. 

2 The cases upon which these observations were made were selected from the combined 
service of myself and my associates, Dr. Ralph C. Matson and Dr. Marr Bisaillon at the 
Portland Open Air Sanatorium. 
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permanent paralysis, and less than 50 per cent showed the characteristic 
paradoxical motion. It was not until after the publication of the ana- 
tomical research on the phrenic nerve by Felix (9), in 1922, that the opera- 
tive procedures on the phrenic nerve received renewed attention. 

The operation proposed by Stuertz consisted only of a simple section 
of the phrenic nerve. Felix explained the return of function following a 
simple phrenicotomy by demonstrating that in fully 25 to 35 per cent of 
all persons anomalies of the phrenic nerve existed in the form of acces- 
sory fibres which usually join the main stem of the phrenic nerve below 
the site of resection proposed by Stuertz, and that they therefore con- 
tinued to enervate the diaphragm. This work was confirmed by R. C. 
Matson and Plenk (10) (11), who found an atypical formation of the 
phrenic nerve in 28 per cent of 112 cadaver dissections (figures 1 to 16). 
Double phrenics with associated fibres on the face of the scalenus anticus 
were encountered eight times. In four instances the associate phrenic 
came from the nerve to the subclavius. In one instance there was a bi- 
lateral and in one instance a unilateral absence of a typical phrenic, there 
being no main trunk on the anterior surface of the scalenus anticus, but 
two large trunks coming mostly from the fifth cervical close to the point 
of origin of the nerve to the subclavius (figures 4 and 9). 

Accessory fibres arise most commonly from the 5th cervical, either near 
or with the nerve to the subclavius muscle. If arising with the nerve to 
the subclavius, the accessory fibre usually separates from it just before 
the nerve to the subclavius enters the muscle. The accessory branch 
then continues downward, passing in front of the subclavian vein, to 
join the main stem of the phrenic just behind the sternal end of the ist 
rib, a point about 10 or 12 cm. below the usual site of operation. 

In their dissections Matson and Plenk found that in 23 instances the 
accessory phrenic fibres came in common with the nerve to the subclavius 
muscle from the 5th cervical. In 6 instances the accessory phrenic arose 
apart from the nerve to the subclavius as a separate branch. In 5 in- 
stances it formed a loop around the vein. In one instance two associate 
phrenic trunks passed in front of the subclavian vein, and then looped 
around behind the internal mammary artery. 

While accessory fibres most commonly arise from the 5th cervical, 
they may also spring from the 3rd, 4th, 6th, 7th, 8th or even the 1st 


5 The drawings showing anomalies of the phrenic nerve were made from sketches of cadaver 
dissections by Dr. Ralph C. Matson. 
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PHRENIC EXAIRESIS 3 


thoracic. In order to interrupt impulses coming from accessory branches, 
as well as any communicating cervical sympathetic fibres of the phrenic 
nerve, Felix proposed an “‘exairesis” of the phrenic nerve after having 
cut it, by winding it around haemostatic forceps and withdrawing it as 
one would a basting-thread. By this method, one is frequently able to 
extract the entire nerve, even with its diaphragmatic filaments. The 
longest nerve evulsed in this series measured 41 cm., which included the 
main trunk and its terminal diaphragmatic filaments. One may feel 
confident of complete interruption of all impulses if 10 or 12 cm. of nerve 
have been evulsed. 

Goetze (12) (13) objected to the phrenicus exairesis of Felix, believing 
that there was danger of damaging important vascular structures or 
tearing into important structures in the mediastinum. As a means of 
overcoming these objections, he proposed resecting a small section of the 
phrenic nerve and then overcoming accessory impulses by resecting a 
small section of the nerve to the subclavius, as well as all accessory fibres 
between the phrenic and the cervical nerves. 

Since 1924 we have operated upon more than 300 cases. The phrenicus 
exairesis of Felix was attempted in all cases, but when the section of nerve 
fibre evulsed measured less than 10 cm. the operation was converted into 
a radical phrenicotomy of Goetze, by resecting a small section of the 
nerve to the subclavius as well as all communicating fibres. In some 
cases, accessory fibres as well as the nerve to the subclavius were not 
found. The operation consisted then of only a simple phrenicotomy. 

In our first 150 operations there were 29 cases in which the nerve fibre 
removed measured less than 10 cm. and no accessory or communicating 
branches were severed. Of this number, subsequent observations were 
impossible in 18 cases because of the fact that the patient either under- 
went a thoracoplasty, or dense diaphragmatic adhesions prevented a 
study of the diaphragmatic dome. 

In 11 cases, however, it was possible to carry on observations for from 
one to five and a half years. Of this number a return of function was 
noted in only 3 cases, all of which presented a hemidiaphragmatic paraly- 
sis immediately after operation, but showed a return of function in less 
than six months. In 8 of the 11 cases observed the paralysis was still 
present one year later. The nerve fibre removed in all of these 11 cases 
measured less than 10 cm., and in 4 cases the nerve fibre removed mea- 
sured less than 5 cm. 
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We note one case in which the nerve fibre removed was only 2.5 cm., 
yet the paralysis still existed three years later. In 2 other cases the nerve 
fibre removed measured 3.5 cm., and the paralysis persisted two years 
later. 

We have never observed a return of function when the evulsed fibre 
measured 10 cm. or more. Our experience therefore tends to show that, 
if one evulses less than 10 cm. of nerve fibre and fails to sever accessory or 
communicating fibres, a return of diaphragmatic function can be expected 
in about 25 per cent of the cases. 


THE OPERATION 


Our surgical approach to the nerve (figure 17) is through the subclavian 
triangle just below the omohyoid muscle, for the reason that, if anomalies 
of the nerve are encountered or accessory fibres have to be dealt with, they 
can best be exposed in this triangle, whereas they might not even be dis- 
covered and are not so easily exposed if the approach is higher up in 
the neck, although the operation, technically, is much easier and one 
works in a very much less dangerous field when the nerve is approached 
higher up in the neck. 

Since the phrenic nerve lies normally upon the surface of the anterior 
scalenus muscle, the most accessible approach to the nerve in the sub- 
clavian triangle is determined by palpating the belly of the anterior sca- 
lenus by pressing the fingers beneath the posterior border of the sterno- 
cleidomastoid muscle. The skin and subcutaneous tissues at the site 
selected are next infiltrated with about 10 cc. of 0.5 per cent novocaine- 
suprarenin solution. The incision is made 2.5 to 3 cm. long, and extends 
transversely between the posterior border of the sternocleidomastoid 
and the external jugular vein, following one of the natural folds of the ~ 
skin 2 or 3 cm. above the clavicle. One can readily approach the phrenic 
nerve through this incision and even make a thorough search for accessory 
or communicating fibres over a rather wide area by retracting the wound. 
This incision has the further advantage of leaving a scar which is scarcely 
recognizable after a few weeks. If accessory branches have to be dealt 
with, the incision can be easily enlarged, although we have seldom found 
it necessary. Occasionally, the external jugular vein lies immediately 
beneath the proper site of incision. In such a case the vein can be 
avoided by a careful blunt dissection and then retracted out of the way. 
Otherwise, it is double-ligated and severed. This we have found neces- 
sary in but two or three cases. 
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After having made the skin incision, the superficial fascia, platysma, 
deep fascia and pyramidal fat body are carefully separated by blunt dis- 
section. One then comes directly upon the surface of the anterior sca- 
lenus muscle, which is exposed. The phrenic nerve, if occupying its nor- 
mal position, will be found coursing downward and inward over the 
surface of the anterior scalenus. After positive identification and a 
search for anomalies, the nerve is separated from the muscle sheath. If 
the dissection of the nerve from the muscle sheath is painful, but 1 cc. of 
novocaine injected into the muscle immediately beneath the nerve fibre 
relieves further distress. After freeing the nerve from the muscle 
sheath, it is picked up with a hooked tenaculum, injected with 0.5 cc. of 
novocaine, clamped with a haemostat, and sectioned high up. The 
nerve is then carefully evulsed by making gentle traction upon the haemo- 
stat, or by winding the nerve upon the haemostat, which is rotated upon 
an anatomical forceps. If the nerve is not adherent to other structures 
. in the mediastinum, it slips from its sheath with ease. The patient is 
unaware of the procedure until the nerve parts company with the dia- 
phragm, at which time a sudden “thud” in the region of the epigastrium 
may be experienced. In many cases, however, evulsion is not so readily 
accomplished, especially if a mediastinal pleurisy has existed. In these 
cases there is an increased resistance to traction after a few centimetres 
of fibre have been withdrawn, and the patient is likely to complain of 
pain, referred usually to the shoulder. If steady traction is maintained, 
the resistance gradually lessens and the pain disappears as a few more 
centimetres of nerve fibre slip from their sheath. If a mediastinal 
pleurisy has existed resistance to traction may then again be encoun- 
tered, frequently associated with pain throughout the corresponding side 
of the chest, or referred to the heart or epigastrium, and one will occasion- 
ally feel a distinct cardiac impulse transmitted through the nerve fibre. 
This pain also quickly disappears as resistance to traction lessens and more 
nerve slips from its sheath. If the nerve is not adherent in the mediasti- 
num, a distinct diaphragmatic tug may be noted with each inspiration. 
In still another group of cases the nerve is so densely adherent in the 
mediastinum that evulsion is impossible. The nerve either breaks (the 
distal end retracting into the thoracic cavity) or one is forced to cut it 
because of the fear of damaging important structures. If such is the 
case the nerve is cut as low down as possible. Ifthe section of fibre re- 
moved measures less than 10 cm., the operation is converted into a radical 
phrenicotomy by seeking out and removing a section of the nerve to the 
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subclavius muscle, as well as all communicating fibres between the phrenic 
and the cervical nerves. 

In closing the wound, the fibres of the deep cervical fascia and platysma 
are approximated with iodinized catgut, and the skin incision closed by 
means of an intracutaneous silkworm gut or horsehair suture. 


CHOICE OF OPERATION 


In the choice of operation one must be guided by conditions met with at 
the time. It is our custom to attempt an exairesis of the nerve according 
to the method of Felix in all cases, but if complex types of the nerve have 
to be dealt with, or the nerve is greatly resistant to evulsion, the fibre is 
cut as low down as possible and the operation converted into a radical 
phrenicotomy of Goetze. 

Under some circumstances one may wish to induce only a temporary 
hemidiaphragmatic paralysis and await the clinical effect before making 
the paralysis permanent. This is particularly true in some cases of ex- 
tensive bilateral tuberculosis and in bilateral lower-lobe bronchiectasis. 

In one case of extensive bilateral tuberculosis with uncontrollable 
haemoptysis, in which we could not be absolutely certain of the bleeding 
side, a pneumothorax was first attempted, and upon failure to introduce 
gas we exposed the phrenic nerve and injected it with alcohol. The 
paralysis induced lasted only a week, but the haemoptysis subsided im- 
mediately and the patient improved clinically so that we felt certain that 
not only had the right side been selected but that a permanent paralysis 
was justifiable. 

A temporary paralysis can also be induced by crushing the phrenic 
nerve, which is preferable to injections of alcohol when a more lasting 
paralysis is desired. We have seen several cases of bilateral lower-lobe 
bronchiectasis in which the only feasible method of effecting a collapse 
of the dilated bronchial tubes was by inducing a diaphragmatic paralysis. 
Since it is impossible to determine beforehand the clinical and anatomical 
effects of a hemidiaphragmatic paralysis in bilateral disease, we do not feel 
justified in inducing a permanent paralysis without having first deter- 
mined the influence of a temporary one, particularly as to the rise of the 
diaphragm and its effect upon the quantity of expectoration raised daily. 
It is our custom, therefore, in bilateral disease, to crush the nerve on the 
worse-diseased side. After having watched its influence, one can then 
crush the nerve on the other side or proceed immediately with an exairesis. 
Later the paralysis on the side first operated can be made permanent. 
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It must be remarked, however, that a second operation is rendered much 
more difficult by the scar-tissue formation which may bury the phrenic 
nerve. In one of our cases of bilateral bronchiectasis of ten years’ 
duration, in which the expectoration amounted to 80 cc. daily, the right 
phrenic was first crushed, after which the expectoration dropped to 30 cc. 
daily. Six weeks later the left phrenic was resected; the expectoration 
ceased completely. In the course of three months the diaphragmatic 
function began to return on the right side. A permanent paralysis was 
then induced. This patient, a sixteen-year-old girl, has experienced a 
most remarkable clinical improvement. ‘There is no expectoration and 
she is furthermore able to play tennis, swim, and indulge in all sorts of 
outdoor sports without any embarrassment of the respiration whatsoever. 


COMPLICATIONS 


While exairesis of the phrenic nerve is a minor operation it is not with- 
out danger and should not be attempted by anyone not possessing a 
thorough knowledge of the topographical anatomy of the neck, and par- 
ticularly a knowledge of the anomalies of the phrenicnerve. This is espe- 
cially stressed by Sauerbruch (2) asa result of his observation of many 
cases operated outside his clinic, when the vagus, sympathetic and long 
thoracic nerves have been cut instead of the phrenic. 

In our series of over 300 operations we have had no operative mortality 
or serious operative complications such as have been reported. Aside 
from a failure to find the phrenic nerve or to recognize its anomalies, the 
most serious complications to be contended with are damage to vascular 
structures, damage to important nerve structures, and damage to the 
thoracic duct. When the phrenic nerve exists in an anomalous form 
much time may be spent in its search. This occurred in a few of our 
cases, and in one instance we were unable to find the nerve. 

Matson and Plenk (10) (11), in the course of their dissections, noted a 
unilateral absence of the phrenic in one case and a bilateral absence in 
another. Failure to find the phrenic nerve is also recorded in one of 150 
cases operated in the Sauerbruch Munich Clinic (4). It is possible that 
in our case, as well as in that of Sauerbruch’s, the phrenic was absent. 

In another referred case the phrenic was reported to have been evulsed, 
but our examination revealed a functionally intact diaphragm. A second 
operation revealed a phrenic occupying an anomalous position. Evul- 
sion was followed by a hemidiaphragmatic paralysis. It is possible that 
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a double phrenic existed in this case. Matson and Plenk observed a 
double phrenic in 8 instances out of 112 dissections (figures 14 to 16). 

Damage to blood-vessels has resulted in serious complications, accord- 
ing to the experience of some surgeons. In our cases it has been rarely 
necessary to apply haemostats for the control of bleeding, but in 3 cases, 
following rupture of the nerve, there was considerable bleeding from 
the nerve sheath, which, however, quickly disappeared upon the applica- 
tion of hot packs. In one case the bleeding occurred after about 7 cm. of 
fibres had been evulsed, and it became so active that, fearing an accessory 
branch was wrapped around some important vascular structure, the nerve 
fibre was cut. Bleeding from the pericardiacophrenic artery, which 
under some circumstances might be damaged during the course of evul- 
sion of the nerve fibre, has been reported. 

The danger of tearing into the subclavian vein must always be con- 
sidered, since the accessory branch usually wraps around the subclavian 
vein to join the main stem of the phrenic nerve (figures 2 & 6). If this 
accessory branch is large or firmly attached to the main phrenic there is 
danger of tearing into the vein during the course of evulsion. Matson 
and Plenk, in their dissections, discovered an accessory fibre coursing 
through the wall of the subclavian vein, and it has been reported as pass- 
ing directly through the subclavian vein. Damage to vascular struc- 
tures, in the course of evulsion of the phrenic, is common in dissections 
of the cadaver. Willy Felix ruptured the pericardiacophrenic artery 
twice in 17 such dissections. Fortunately, in the living subject, the 
nerve fibre usually ruptures without damage to the more resistant con- 
nective-tissue wall of the blood-vessel. Nevertheless, unless the evulsion 
is accomplished with ease, the danger of tearing into an important vascu- 
lar structure must be reckoned with. Sauerbruch (2) reports 3 severe 
haemorrhages in simple phrenicotomy; two of the patients died, and the 
third lived after ligation of the subclavian vein. 

Sauerbruch (14) reported one operative death as a result of wounding 
the thyrocervical trunk, necessitating ligature of the subclavian artery. 
In another case, under similar circumstances, the subclavian artery was 
successfully ligated. 

Friedrich (15) reported a death from air embolism as a result of tearing 
the wall of the internal jugular in attempting to separate the vein from 
the nerve to which it was bound by inflammatory adhesions. 

The Sauerbruch Munich Clinic (4) reported 2 cases of air embolism 
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occurring as a result of tearing into large venous channels. In one case 
the patient developed a paralysis of both arms. In the other there was a 
flaccid paralysis of one arm and a spastic paralysis of the other. In both 
instances the paralysis subsided in the course of a few days. 

In one of our cases the wall of the internal jugular was torn, resulting in 
rather severe bleeding. Fortunately the rent was small and easily closed 
with a fine ligature. ; 

Haemoptysis, occurring immediately after a phrenicus exairesis, has 
been reported, but we have not observed this complication in any of our 
cases. 

Damage to the sympathetic or vagus nerve has been reported. Berg 
records a death under symptoms of a vagus and sympatheticus paralysis 
following exairesis of the phrenic nerve. Sauerbruch once observed a 
Horner symptom-complex following injury to the sympathetic. Brun- 
ner (4) saw a case in the Sauerbruch Munich Clinic in which, outside the 
clinic, the vagus had been erroneously cut instead of the phrenic. Sauer- 
bruch (2) saw 3 more cases under similar circumstances. 

We have seen one case of “‘recurrens” paralysis which was undoubtedly 
due to injury to the recurrens nerve in the course of a search for the 
phrenic. The paralysis subsided in the course of a few months. 

The thoracic duct has been damaged frequently, although it has not 
occurred in any of our cases. Damage to the thoracic duct usually re- 
sults in the formation of a chylous exudate beneath the skin wound. 
Drainage, or the application of hot packs or packing, usually suffices to 
stop the leak. However, in some cases a chylous fistula may persist and 
death may ensue from malnutrition. 

Various psychic disturbances have been observed at the time of, or 
immediately following, the operation, but these are of a temporary char- 
acter and usually quickly subside. Two of our cases developed an 
exhaustion psychosis, and in one of these it persisted in a marked degree 
for several weeks. In another case, a highly neurotic and hysterical 
woman, who complained bitterly of pain throughout the operation, 
claimed sudden utter inability to speak shortly after the dressings were 
applied. The patient remained mute for several hours, communicating 
by gesture, after which her speech suddenly returned. 

Reflex disturbances of the heart and of the respiration have been ob- 
served in a few cases. In one case the patient developed a dyspnoea 
which was associated with a marked tachycardia, both of which persisted 
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for several weeks. In another case the patient complained of vertigo 
during evulsion of the nerve, but, after pausing a moment, the evulsion 
was completed without further disturbance. 


THE DIAPHRAGM 


EFFECT UPON 


After a complete interruption of nerve impulse to the hemidiaphragm 
has been effected, and if adhesions or thickening of the diaphragmatic 
pleura do not prevent, the diaphragm immediately assumes the expiratory 
position, and under the fluoroscope it is motionless on quiet breathing. 
On deep inspiration it will rise slightly into the chest cavity as a result of 
the higher abdominal and lesser intrapleural pressure, a phenomenon 
known as “paradoxical diaphragm movement” described by Kienboeck. 
Bittdorf describes a test by which the paradoxical movement of the 
paralyzed diaphragm is still better elicited. In order to elicit this sign the 
patient is directed to close the nares by pressing them between the fingers 
and then attempt to take a deep breath with the mouth closed. The par- 
alyzed hemidiaphragm will rise into the thoracic cavity; on the non- 
operated side it descends. 

Perhaps the most sensitive and easily applied test is the so called 
“sniffing test’? described by Hitzenberger, elicited by directing the 
patient to “sniffle.” The paralyzed hemidiaphragm rises into the chest, 
whereas on the other side it descends. 

While the paralyzed hemidiaphragm, if not hindered, assumes the 
expiratory position immediately after operation, it continues to rise 
gradually throughout the ensuing months as muscle degeneration and 
atrophy progress. This is still further accentuated by the shrinkage of 
scar-tissue as healing in the lung progresses. ‘The maximum rise may 
not be attained for from six months to a year or more. In our first 
150 operated cases, the highest rise noted was 13 cm. on the left side 
two years after operation. In this case the initial rise immediately after 
operation was3cm. At the end of one year the diaphragm had risen 9.5 
cm. At the end of two years the rise measured 13 cm. On the right 
side the highest rise noted was 8.5 cm. one year postoperatively. 

It must also be pointed out that, even though the diaphragm is ap- 
parently fixed by adhesions and exhibits no motion under the fluoroscope, 
and even though there is no rise immediately following the operation, as 
the diaphragmatic musculature atrophies and scar-tissue in the healing 
lung shrinks, a rise gradually takes place and may reach its maximum in 
a year or more. In one of our cases there was no rise immediately after 
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operation, but at the end of nine months the rise amounted to 8 cm. 
(figures 18 & 19). 


REDUCTION IN LUNG VOLUME 


It is generally admitted by all authorities that the collapse provided by 
satisfactory pneumothorax may be total. The collapse provided by a 
thoracoplasty, even under the most favorable circumstances, cannot 
possibly be total but may very closely approach it. The collapse pro- 
vided by a hemidiaphragmatic paralysis under the most favorable cir- 
cumstances can amount to scarcely more than a reduction of one-sixth to 
one-third of the lung volume, according to Brunner’s (4) experiments. 


EFFECT UPON THE LUNG 


The results of an induced hemidiaphragmatic paralysis are less depend- 
ent upon the site of the lesion than upon its type. This is explained by 
the fact that in certain types of tuberculosis, particularly the prolifera- 
tive varieties, the capacity for collapse of the diseased lung tissue is 
greater than that of healthy lung tissue. Therefore, even though the 
lesion is in the upper lobe, the rising diaphragm, by reducing the volume 
of the hemithorax, permits the collapse capacity of the diseased lung 


tissue to exert itself, even without any collapse of healthy lung tissue. 

Our belief that in the productive types of tuberculosis the collapse 
capacity of the diseased lung tissue is greater than that of healthy lung 
tissue is based upon years of observation in pneumothorax therapy, 
during which we have observed that in the absence of adhesions the dis- 
eased lung tissue almost invariably collapses before healthy lung tissue 
(figures 20 & 21). As a matter of fact, in some cases observed over a 
period of many years the healthy lung tissue has always been in contact 
with the chest-wall, the diseased lung tissue alone being collapsed. 

The results of an induced hemidiaphragmatic paralysis are more de- 
pendent upon the rise of the diaphragm and the degree of collapse of 
diseased lung tissue affected thereby than upon merely placing the dia- 
phragm at rest. Our belief that the beneficial influence of hemidia- 
phragmatic paralysis is due to the degree of collapse of diseased lung 
tissue affected by the rising diaphragm, rather than the rest provided, is 
based upon the observation that the best results have always been 
associated with a marked rise of the diaphragm, and the poorest results 
have been in those cases in which little or no rise of the diaphragm took 
place (table 2). In cases in which the diaphragm does not rise a roent- 
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genological study will show that the diaphragm, if not absolutely mo- 
tionless, moves but 1 or 2 cm. on full inspiration, and it is essentially at 
rest on ordinary breathing. 

The rise of the diaphragm and the collapse of diseased lung tissue are 
dependent upon the character and extent of adhesions, as well as the type 
of tuberculous lesion. The more the pulmonary lesion tends to the pro- 
liferative type, the greater the collapse capacity of the diseased lung. 
Contrariwise, the more the lesion tends to the exudative type, the less 
the collapse capacity of the diseased lung. Thus the most favorable re- 
sults are noted in those lesions which are predominantly proliferative. 
Even though the collapse capacity of the diseased lung tissue is great, a 
collapse may be prevented by adhesions, particularly interlobar or ad- 
hesions between the parietal and visceral layers of the pleura, or thicken- 
ing of the diaphragmatic pleura which prevent a rise of the paralyzed 
diaphragm. In upper-lobe lesions, if the lung is densely adherent to the 
chest-wall, or interlobar adhesions exist, there may be no collapse of dis- 
eased lung tissue, even though one attains an excellent rise of the dia- 
phragm (figure 22). 


CLINICAL EFFECTS 


The beneficial influence of a satisfactory hemidiaphragmatic paralysis 
is manifested clinically, first, in the marked reduction of the amount of 
expectoration. During the first few days after operation there may be a 
marked increase of sputum, due to the expulsion of retained secretions 
from the diseased lung tissue, but following this the quantity of sputum 
diminishes rapidly. This initial increase in quantity is particularly 
apparent in the case of lower-lobe lesions. I havein mind a case of bilat- 
eral bronchiectasis in which the average daily expectoration amounted 
to 200 cc. An exairesis of the phrenic nerve was done on the worse side, 
following which the expectoration dropped in the course of three months 
to 50 cc. daily. Similar exairesis was then done on the contralateral side, 
following which the expectoration increased during the first 24 hours after 
operation to 150 cc. On the second day it amounted to 110 cc., and on 
the third day 70 cc. Since that time the expectoration has diminished 
constantly until at the present time, six months after operation, the 
patient is without expectoration. 

The reduction of sputum is often astonishing. In a case of chronic 
upper-lobe abscess, in which the average daily expectoration amounted to 
750 cc. during a period of several months’ observation, the sputum de- 
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creased immediately after operation, and at the end of three months 
there was no expectoration. 

In another case of chronic upper-lobe abscess in a man fifty years of 
age, during a month’s preoperative observation, the daily average max- 
imum temperature registered 102°. The expectoration amounted to 200 
cc. of foul, foetid secretion. Three weeks after operation the tempera- 
ture was normal and the expectoration had ceased entirely. 

In pulmonary tuberculosis, one can scarcely hope for such striking 
results because of the very nature of the disease. Nevertheless, our 
records are replete with cases in which an average daily sputum of 60 cc. 
to 80 cc. has entirely disappeared in the course of a few months after 
operation. Not only is there a marked reduction in the quantity of 
sputum, but there is also a disappearance of tubercle bacilli. It is not 
at all uncommon to find tubercle bacilli absent from the sputum, even 
after a few weeks or months following operation, whereas they had been 
previously present in enormous numbers. 

Contrary to the early general belief that a paralyzed diaphragm 
would abolish the ability to cough effectually, thus endangering 
the patient to serious complications from the retention of secretions or the 
aspiration of sputum into healthy lung tissue through his inability to 
“raise”, the reverse is true. The ease with which expectoration is raised 
is a matter referred to voluntarily by the patient. 

As an example, I might again refer to the case of bilateral bronchiectasis 
just mentioned. Following the second operation the patient, when 
interrogated regarding his expectoration, remarked smilingly that he 
raised his expectoration now without any effort, whereas previously he 
had experienced violent coughing paroxysms. 

The ability to “raise easier” following operation is easy to understand, 
since the expulsion of secretions through coughing is brought about 
through the action of the abdominal muscles, and it is therefore far more 
easily accomplished after the resistance of the natural diaphragmatic 
tonus has been abolished. 

Aside from the reduction of sputum and the facility of expectoration, 
the most striking clinical effect, following a satisfactory hemidiaphrag- 
matic paralysis, is the rapid disappearance of fever, which is a most grati- 
fying and convincing proof of the value of this simple procedure. The 
reduction of fever may begin twenty-four hours after operation and con- 
tinue, in favorable cases, day after day, until the temperature assumes 
normal proportions (figure 23). The reduction of fever is attributed to 
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the blockage of lymph-channels and consequent stagnation of the lymph- 
stream as a result of the collapse and rest provided to the diseased lung 
tissue, thus inhibiting the absorption of the tuberculotoxic products. 
Coincident with the reduction of fever and the diminution of expectora- 
tion, there takes place a corresponding improvement in the general condi- 
tion of the patient. The appetite improves, the weight increases, the 
fatigue subsides, the secondary anaemia disappears, and the patient 
looks and feels much better. 


RESULTS 


Operative procedures upon the phrenic nerve are indicated under a 
wide diversity of conditions in the treatment of pulmonary tuberculosis, 
as well as in nontuberculous pulmonary suppuration. In the treatment 
of pulmonary tuberculosis the operation is indicated not only as an ad- 
junct to other surgical treatment but as an independent procedure. Un- 
fortunately, most of the statistics, published heretofore and dealing with 
the results of phrenic-nerve surgery, have been of little value because the 
authors have either failed to classify their cases properly or they have 
neglected to supply other information which would enable the reader to 
arrive at an independent conclusion. 

A discussion of all the types of disease and classes of cases in which we 
have induced a hemidiaphragmatic paralysis is not within the scope of 
this paper. I shall therefore confine myself to a review of 66 cases of the 
productive type of tuberculosis, in which a pneumothorax was attempted 
and failed because of the presence of pleuritic adhesions. All of these 
patients were suffering from far-advanced tuberculosis (N.T.A. III). 
Most of them were experiencing an acute exacerbation of their disease, 
and were therefore actively febrile and suffering from marked loss of 
weight and strength. The sputum was positive for tubercle bacilli in 
63 of the 66 cases, 3 cases having denied expectoration, although the 
radiograph showed extensive lesions with excavation. The average 
daily amount of expectoration was 30 cc. In2casesit amounted to more 
than 100 cc. With one or two exceptions all cases had demonstrable 
excavation of lung tissue on the operated side, and in many cases a large 
cavity, measuring from 4 to 5 cm. by 6 to 8 cm., was present. In 2 cases 
the cavity measured 6.5 cm. by 8.5cm. Inall cases the disease exhibited 
the characteristics of an upper-lobe lesion, even though the entire lung 
wasinvolved. No distinctly lower-lobe lesions are included in this series, 
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as they are classed separately and will be dealt with in another paper. 
All cases included in this series were operated on since 1924 and no case 
has been included which has undergone operation more recently than 
January, 1929. It has been our endeavor to keep in close contact with 
all living cases, in order to accumulate accurate data, and especially to 
resort to frequent roentgenological examinations as well as measure- 
ments of sputum. 

Preceding every operation is a fluoroscopic study of the diaphragm, in 
order to determine its mobility, supplemented by radiographs taken at 
the height of inspiration and at extreme expiration, to determine its 
excursion, and upon which is based a measurement of the distance from 
some anatomical point (usually the transverse process of the 1st dorsal 
vertebra) to the dome of the diaphragm and a measurement of the dimen- 
sions of excavated areas. The patient is fluoroscoped and filmed again, 
usually immediately or within 48 hours after operation. Under the fluor- 
oscope the patient is subjected to various tests for hemidiaphragmatic 
paralysis (the Hitzenberger test is the most sensitive and easily applied). 
The radiograph is compared with that made immediately before opera- 
tion and the rise of the diaphragm, as well as changes in the dimension 
of excavated areas, is noted. 

Reéxaminations, supplemented by the use of the fluoroscope and the 
radiograph, are made at intervals of at least one month during the first 
three to six months, and at intervals of not more than three months dur- 
ing the subsequent period of observation, which, in each case, is carried on 
as long as is possible. In some cases, because of extraneous circum- 
stances, we have had to content ourselves with less frequent examina- 
tions, especially after the first year. In still other cases postoperative 
observations have not been possible, but those cases are naturally not 
included in our study. 

The quantity of expectoration is measured daily for two weeks after 
operation and then at weekly intervals for three months, after which the 
measurement of an average 24-hour specimen once a month is sufficient. 
The microscopic examination of the sputum is usually made once a 
month, The estimation of the germ content, according to some scale, is 
of value when done by a well-trained technician. If the sputum is nega- 
tive to the tubercle bacillus after a search of 200 fields covering a period of 
approximately fifteen minutes, the 24-hour specimen is concentrated and 
the residue examined. 
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For convenience, we have divided this group of 66 cases into two classes 
as follows: 


First, those cases in which the disease was predominantly unilateral and a 
thoracoplasty was contraindicated (34 cases). 

Second, those cases in which the disease was essentially unilateral and a thora- 
coplasty was indicated (32 cases). 


In the predominantly unilateral types of tuberculosis, a thoracoplasty 
was contraindicated because of the presence of active or progressive 
disease in the contralateral lung. In most instances this disease was asso- 
ciated with demonstrable excavation. Aside from this, many cases were 
also bad surgical risks because of their age or the presence of serious 
complications such as tuberculous enteritis, malnutrition, diabetes, 
atrophy of the heart associated with marked dyspnoea on the slightest 
exertion, due to long-standing tuberculous infection, etc. The results of 
operation in this group of 34 cases were as follows: 


TABLE 1 


AVERAGE RISE OF 
DIAPHRAGM 


18 cases, 52 per comt, 5 


15 cases, 44 per cent (much improved) : sputum became negative for tubercle bacilli 
5 cases, (much improved): had large cavity in upper lobe which disappeared 


In the 18 cases, 52 per cent, “much improved,” a thoracoplasty became 
unnecessary, which is a very gratifying result when the type of disease is 
taken into consideration. All cases rated as “much improved” are 
capable of making a clinical recovery, and all, at the present time, are 
able to carry on occupational activities. All of these patients are free of 
subjective symptoms, such as fever, fatigue, etc. They have regained 
their lost weight, and the sputum, if present, has been persistently nega- 
tive for tubercle bacilli after concentration methods of examination. 
The relationship of a good diaphragmatic rise to a satisfactory end-result 
is apparent in the above group. 

Twelve cases, 38 per cent, are rated as “improved.” In all of these 
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cases, the sputum, although decreased in quantity, is still positive for the 
tubercle bacilli and even though most of these patients are afebrile and 
are up and about, and many have resumed partial occupational activi- 
ties, they are for the most part not likely to make a clinical recovery, 
unless other surgical measures can be or are resorted to. Most of these 
cases must be considered as going through a “quiescent period” of their 
disease and are likely to experience an exacerbation sooner or later. 
Nevertheless, there has been an improvement in the general condition of 
all of these cases incidental to the disappearance of fever, restoration of 
weight, etc. 

In two cases, a serious haemoptysis, which was threatening the life of 
the individual, ceased immediately after operation. In most cases there 
was a marked diminution of expectoration, as well as of bacilli in the 
sputum. Three cases so improved that a thoracoplasty was possible, and 
several others are now in satisfactory condition for further operative pro- 
cedure. 

Obviously, one must be extremely cautious in attributing improvement 
or the relief of certain symptoms to the operation, as only too often these 
changes take place as a result of other factors. This was particularly 
striking in one case in which an extensive unilateral lesion with demon- 
strable excavation existed. The sputum amounted to 100 cc. daily; 
the patient was actively febrile and had experienced great loss of weight. 
Shortly after operation the patient moved to a distant point and reéxam- 
ination was not possible. However, two years later, through correspond- 
ence, we learned that her condition was excellent; that she was afebrile, 
had gained 40 pounds in weight and was doing her own housework, 
furthermore; and that her sputum had diminished from 100 to 10 cc. 
daily. Through her local physician we succeeded in obtaining a radio- 
graph which was compared with the original, as a result of which we found 
that there had been no rise of the diaphragm and that, in spite of this 
marvelous improvement reported by the patient, the pulmonary patho- 
logical process had actually steadily progressed and the excavated area 
upon the operated side had also considerably enlarged. 

In two cases, the disease, which was of an active, progressive, produc- 
tive type, became rapidly progressive and of an exudative type shortly 
after operation. In both instances rapid excavation of lung tissue, lead- 
ing to bronchogenic extensions into the contralateral lung, took place. 
The diaphragmatic rise in these two cases was 8.5 and 5 cm. respectively. 
Whether or not the rise of the diaphragm was responsible for this change 
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in the type of pathological process we cannot say. A somewhat similar 
experience is reported by Dumarest and Berard (16), who state that, out 
of 107 cases, in 8 instances the disease assumed a very progressive course 
immediately after operation. In their cases the exacerbation was of a 
mild type in most instances, but in 2 cases extension to the contralateral 
lung, occurring immediately after operation, terminated fatally. 

The relationship of the diaphragmatic rise to the behavior of the sputum 
is evident in a comparative study of 15 of the 18 cases much improved. 


TABLE 2 


RISE OF "DIAPHRAGM 
Before 

Negative after concentration 
6 30 cc. T. B. ++ Negative after concentration 
5 5cc. T. B. ++ Negative after concentration 
64 20 cc. T. B. +++ Negative after concentration 
5 10\cc. T. B. + Negative after concentration 
6 20 cc. T. B. + Negative after concentration 
3 40 cc. T. B. ++++ Negative after concentration 
94 35 cc. T. B. +++ Negative after concentration 
7 15 cc. T. B. ++ Negative after concentration 
6} 25 cc. T. B. + Negative after concentration 
5 20 ce. T. B. ++ Negative after concentration 
4 20 cc. T. B. ++ Negative after concentration 
4 10 cc. T. B. + Negative after concentration 
53 30 cc. T. B. + Negative after concentration 
34 40 cc. T. B. +++ Negative after concentration 


Estimation of germ content according to Matson scale: 
T. B. +: average 1 to 10 fields 
T. B. ++: average 1 to each field 


T. B. +++: average 10 to each field 


T. B. ++++-++: average 100 or more to each field 


In the second group (figures 24 & 25) in which the disease was essentially 
unilateral, the operation was done as a routine procedure preliminary to a 
thoracoplasty, a custom which we have long practised. 


In those productive types of tuberculosis, in which an artificial pneumo- 
thorax is impossible and a thoracoplasty is indicated, an exairesis of the 
phrenic nerve should be done as a preliminary procedure at least one 
month before the major operation is attempted, for the following reasons: 
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1: The improvement following an induced hemidiaphragmatic paralysis may 
lead to recovery, thus sparing the patient the necessity for a major surgical 


operation. 
2: In favorable cases the patient is rendered a far better surgical risk because of 


the marked improvement which follows a satisfactory hemidiaphragmatic 
paralysis. 

3: Not only is the quantity of sputum reduced but the cough is made easier, 
thus lessening the danger of aspiration infection, should a thoracoplasty be 
resorted to. (Asa result of this beneficial influence, it is our custom to do an 
upper-phase thoracoplasty first in upper-lobe lesions, as we have no fear of 
retention or aspiration of sputum, the danger of which has probably withheld 
many surgeons from doing the upper phase first.) 

4: To effect as much collapse as possible through the rising diaphragm, there- 
by reducing the number and amount of ribs later to be removed. 

5: Topermit the heart to partially accomodate itself to the increased functional 
activity later to be imposed upon it by a thoracoplasty. 

6: Asa test of the integrity of the contralateral lung. 


One of the most difficult procedures in the surgical treatment of 
pulmonary tuberculosis is the correct evaluation of the status of the con- 
tralateral lung, since we have no means of knowing beforehand how a 
suspicious lesion will behave after having been subjected to the stress of a 
thoracoplasty. 

According to Sauerbruch (2) (6) (17) a phrenicotomy is of value ‘chiefly 
as a test” operation before a thoracoplasty, in cases with suspicious 
changes in the better lung, particularly apical lesions. If the operation is 
followed by an increase of the physical or roentgenological findings or 
fever, or the patient’s general condition becomes worse, an extrapleural 
thoracoplasty is absolutely contraindicated. On the other hand, if there 
is no reaction one may safely proceed with the major operation. 

Lange (4) studied the diagnostic value of a phrenicotomy as a “‘test”’ 
operation in 23 cases in the Sauerbruch Munich Clinic, and found that in 
12 “doubtful” cases a thoracoplasty had been decided upon after the 
“test” operation had failed to provoke any essential changes in the 
healthier lung. Subsequent observations in these cases showed that the 
test operation failed in but one case. 

In our opinion a phrenicotomy serves as a “test” operation only in 
those cases in which a satisfactory rise of the diaphragm is followed by an 
exacerbation of disease in the better lung, and even then the test is not 
infallible. Furthermore, an absence of changes in the better lung by no 
means indicates its behavior after a thoracoplasty. This opinion is based 
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upon the observations made in our first 65 thoracoplasties, in which a 
phrenicotomy preceded the major operation at an interval varying from 
one month toone year. Of these 65 thoracoplasties, 8 developed changes 
in the contralateral Jung in the immediate postoperative period. Of this 
number only 5 cases are of interest, and of these only 4 cases were of a 

doubtful character’. 


Case 1: S. D. Productive type of tuberculosis with excavation of right lung. 
Upon roentgenological examination the left lung was negative, but the physical 
examination showed an active infiltration of the upper lobe. One year after 
the “test” operation, with a diaphragmatic rise of 3.5 cm., the contralateral 
lung lesion was quiescent from a physical diagnostic standpoint and still nega- 
tive roentgenologically, but following a thoracoplasty it became rapidly pro- 
gressive. 

Case 2: R. H. Productive type of tuberculosis with excavation of left lung; 
apparently quiescent productive type of infiltration upper lobe right lung. 
Five months after the “‘test’’ operation, the contralateral lung lesion had been 
uninfluenced by a 4.5-cm. rise of the diaphragm. An upper-phase thora- 
coplasty, from which the patient made an uneventful postoperative recovery, 
was followed by an exacerbation of disease in the contralateral lung. 

Case 3: V. M. Productive type of tuberculosis with enormous excavation of 
left lung; apparently quiescent productive type of infiltration of upper lobe of 
right lung. Following the “‘test” operation, with a diaphragmatic rise of 3.5 
cm., the contralateral lung lesion became active and later, after a few months, 
again quiescent. Following a complete thoracoplasty, the contralateral lung 
behaved in a similar manner. 

Case 4: A. H. Productive type of tuberculosis with enormous excavation of 
right lung; contralateral lung essentially negative. Sputum 80 cc. daily. The 
immediate diaphramatic rise following the ‘‘test’’ operation measured 3 cm. 
One month later the patient developed a serofibrinous pleurisy on the contralat- 
eral side. Following absorption of the exudate, roentgenological and physical 
diagnostic changes persisted for seven months. At the end of one year, the 
diaphragm had risen 6cm. There was, however, no collapse of the excavated 
area. The sputum measured 90 cc. daily. Following a thoracoplasty per- 
formed at this time, the contralateral lung lesion exhibited no change. 

Case 5: T. J. Productive type of tuberculosis with large excavation of left 
lung; bronchogenic infection of middle lobe of right lung. The diaphragm rose 
7 cm. in one year, following the ‘“‘test’”’ operation, and the contralateral lung 
lesion disappeared completely from a roentgenological and physical diagnostic 
standpoint. Following an upper-phase thoracoplasty, the patient developed 
an aspiration infection into the lower lobe of the contralateral lung. 
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A study of our material indicates that one cannot accept with blind 
faith the result of a phrenicotomy as a “‘test”’ operation. In the above 5 
cases we find, in the first two, that a contralateral lung lesion withstood 
the “test”? operation but exhibited activity following a thoracoplasty. 
In the third case a contralateral lung lesion behaved similarly after both 
the “test” operation and the thoracoplasty. In the fourth case an essen- 
tially negative contralateral lung exhibited disease following the “‘test”’ 
operation, but passed through a complete thoracoplasty undamaged, al- 
though the excavated area was essentially the same before each procedure. 
In the fifth case a contralateral lung lesion disappeared after the “test” 
operation, but the thoracoplasty was followed by a lesion of similar type 
in a different location. 

The remaining 3 cases are of no interest because the disease in the con- 
tralateral lung was due to an aspiration infection following the thora- 
coplasty. 

Needless to say, all thoracoplasty cases are urged to rid themselves of 
secretions immediately before operation, but in the immediate post- 
operative period the ability to raise varies with the individual. In some 
cases secretions are aspirated into the healthier lung and expectorated 
without harmful influence, but in other cases an aspiration infection fol- 


lows. The very nature of this complication is such that it is obviously 
impossible for a ‘“‘test”’ operation of this character to supply information 
of value concerning the effect of the sudden closure of large excavated 
areas or the influence of the aspiration of sputum into the healthier lung. 

The results of operation in this group of 32 cases were as follows 
(table 3): 


TABLE 3 


AVERAGE RISE OF 
DIAPHRAGM 


11 cases, 35 per cent, much improved 
9 cases, 28 per cent, improved 

10 cases, 36 per cent, unimproved 
2 cases, unimproved 


In 13 cases (40 per cent), the sputum became negative for tubercle bacilli 


18 cases received a thoracoplasty 
In 11 cases (35 per cent) thoracoplasty became unnecessary 


In the classification of these end-results we have adhered to the rule ap- 
plied in the first group. Therefore, all cases recorded as ‘‘much im- 
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proved” are capable of a clinical recovery. The expectoration, if present, 
is negative for tubercle bacilli, and all patients are carrying on full occu- 
pational activities. 

Of greatest significance is the fact that 11 cases, 35 per cent of these 
patients, were so improved that a thoracoplasty became unnecessary. 
These results alone justify the operation as a routine preliminary before 
every thoracoplasty. 

Nine cases (28 per cent) were improved, inasmuch as there was a 
marked reduction of the daily expectoration, relief from fever and gain in 
weight, but a clinical recovery was, or is, extremely improbable without 
further surgical intervention. 

Of the 9 cases improved, four received a thoracoplasty, four refused 
thoracoplasty, and in one case the improvement is so steady that a 
thoracoplasty is unjustifiable. 

An unusually large number of cases (12 to 37 per cent) are recorded as 
unimproved for the reason that we have evaluated end-results only after 
the lapse of a reasonable time, at least six months to one year, as changes 
occurring in the immediate postoperative period (up to three months), 
even though of a favorable character, are often only of a temporary na- 
ture and permit no reliable conclusion as to the probable ultimate out- 
come. 

All of the 12 unimproved cases received a thoracoplasty at intervals 
varying from one month to one year. The average diaphragmatic rise 
for 10 of the 12 cases was only 1.8 cm. In only 2 cases was there any 
essential change in the amount of expectoration following the induced 
hemidiaphragmatic paralysis. In one case the sputum dropped from 25 
to 4 cc. daily in the course of a year, but it was still positive for tubercle 
bacilli, and a comparison of radiographs shows a marked increase in the 
size of the excavated area. In the other case, with a very extensive 
unilateral lesion, the sputum became negative, but there was no rise of 
the diaphragm and no changes in the pulmonary pathological process 
from a radiographic standpoint. The absence of tubercle bacilli from 
the sputum was therefore considered to be of a temporary nature. 

In 2 cases recorded as unimproved there was an excellent rise of the 
diaphragm (8 cm. and 6 cm. respectively), but the quantity of sputum in 
both cases was unaffected and remained at 50 cc. daily. In both instan- 
ces there was a large cavity in the upper portion of the upper lobe, which 
was held open by dense thickening of the overlying pleura, as well as 
interlobar adhesions (figures 26 & 27). 
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PHRENIC EXAIRESIS 


SUMMARY AND CONCLUSIONS 


1. This paper has to do with the late results of induced hemidiaphrag- 
matic paralysis in 66 cases of the productive type of tuberculosis. 

2. The operative technique, anomalies of the phrenic nerve, dangers of 
operation, operative complications, and effect upon the lung and dia- 
phragm are discussed. 

3. An exairesis of the phrenic nerve is the operation of choice. How- 
ever, if less than 10 cm. of nerve fibre have been evulsed, a return of 
diaphragmatic function can be expected in 25 to 30 per cent of all cases, 
unless all communicating or accessory fibres have been resected. 

4. The beneficial influence of an induced hemidiaphragmatic paralysis 
is attributed to the collapse of diseased lung tissue affected by the rising 
diaphragm rather than to the rest provided. This conclusion is based 
upon the observation that the most satisfactory results were seen in those 
cases presenting a high diaphragmatic rise, whereas the worst results 
were obtained in those exhibiting little or no rise of the diaphragm. 

5. The most important clinical effects are a reduction of the quantity 
of sputum, facility of expectoration, reduction of fever, and improvement 
of the general condition of the patient coincident with the disappearance 
of the above symptoms. 

6. A pneumothorax had been attempted in all cases, and had failed 
because of the presence of pleuritic adhesions. In 34 cases a thoraco- 
plasty was contraindicated because of the state of the contralateral lung, 
etc. In 52 per cent of these cases the patient so improved that a thora- 
plasty became unnecessary. In 32 cases a thoracoplasty was indicated, 
and in 28 per cent of these the patient so improved that a thoracoplasty 
became unnecessary. 

7. The sputum became negative for tubercle bacilli in 42 per cent of 
the 66 cases. 

8. The induction of a hemidiaphragmatic paralysis, either by exairesis 
or radical resection of the phrenic nerve, is strongly recommended in all 
patients for whom a pneumothorax is indicated and adhesions prevent 
the introduction of gas. 

9. The operation is indicated (1) as an independent procedure in those 
cases in which a thoracoplasty is impossible, (2) as a preliminary to every 
thoracoplasty. 

10. Too much dependence cannot be placed upon the result of a phreni- 
cotomy as a “‘test”’ operation. 
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Fic. 1. Phrenic from CIV with associate phrenic from CV passing behind subclavian vein 
and joining main stem of phrenic. 

Fic. 2. Phrenic arising from CIII, CIV (?) and CV with associate phrenic looping around 
the subclavian vein and joining main stem of phrenic on anterior surface of the scalenus 
anticus. A dangerous type for exairesis. 

Fic. 3. Phrenic from CIII, CIV (?) and CV. Associate phrenic from N. to the subclavius 
and branch from main stem pass in front of the subclavian vein. A dangerous type for 
exairesis. 

Fic. 4. Dislocated phrenic arising from CIV and CV passing in front of the subclavian 
vein. No main stem on surface of scalenus anticus. Not accessible by usual surgical 
approach. 
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Fic. 5. Phrenic arising from CIII and associate phrenic from N. to the subclavius passing 
in front of the subclavian vein. 

Fic. 6. Phrenic from CIII and associate phrenic from N. to the subclavius bifurcating 
and both branches joining the main stem below the subclavian vein. 

Fic. 7. Phrenic arising from CIV with branch from CV far lateralward. 

Fic. 8. Phrenic from CIII, CIV (?) and CV with associate phrenic from N. to the sub- 
clavius passing in front of the subclavian vein. 


26 


Fic. 9. Dislocated phrenic from CIII, CIV and CV arising with N. to the subclavius, 
separating from it and passing in front of the subclavian vein. No main stem on the anterior 
surface of the scalenus anticus. Not accessible by usual surgical approach. 

Fic. 10. A very complex type of phrenic from CIV and CV with four main stems, one of 
which passes in front of the superficial cervical and transverse scapular arteries and sub- 
clavian vein. An associate phrenic arises in common from CV with the N. to the subclavius. 
A dangerous type for exairesis. 

Fic. 11. Phrenic from CIV and CV. Two branches pass in front of the subclavian vein 
and behind the internal mammary artery. A dangerous type for exairesis. 

Fic. 12. Phrenic from CIII, CIV (?) and CV with two associate branches, one from CV 
lateralward which joins the main stem of the phrenic on the anterior surface of the scalenus 
anticus, and the other associate branch arising from’ CV in common with the N. to the sub- 
clavius muscle. 
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Fic. 13. Phrenic from CIV and associate phrenic from CV passing in front of subclavian 
vein. A dangerous type for exairesis. 

Fic. 14. Phrenic from CIV by two trunks of equal size. One passes over the anterior 
surface of the scalenus anticus and behind the subclavian vein; the other arises lateralward 
from CIV and passes over the lower portion of the scalenus anticus and in front of the sub- 
clavian vein. A dangerous type for exairesis. 

Fic. 15. Phrenic arising from CIII with branches from CV. 

Fic. 16. Phrenic from CIII, CIV (?) and CV passing in front of subclavian vein. 
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Fic. 17. Surgical approach to the phrenic nerve. 
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Fic. 20. Productive type of tuberculosis with excavation of right lung. 
Fic. 21. The same case one month later, showing how the spontaneous collapse capacity of the diseased lung tissue is permitted to exert itself after the induction of; 
an artificial pneumothorax. 
Fic. 22. Showing failure of high diaphragmatic rise to affect closure of cavity which is held open by dense adhesions to the chest-wall. 
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Fic. 23. Influence upon temperature and sputum, 
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Fic. 24. Productive type of tuberculosis, with large excavation in upper portion of left lung and bronchogenic extension 
to right lung. 


Fic. 25. The same case a year and a half after operation, showing complete closure of cavity and aclearing up of the 
diseased process in the right lung. 
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THE EFFECT OF ULTRAVIOLET IRRADIATION ON 
TUBERCULOUS PERITONITIS IN GUINEA PIGS! 


M. MAXIM STEINBACH, ALFRED F. HESS anp MILDRED WEINSTOCK 


The experimental and clinical evidence dealing with the effect of ultra- 
violet light on the tubercle bacillus after it successfully invades animal 
tissue is widely contradictory. The clinical literature on the subject is 
so voluminous that space will permit only brief quotations from a few 
authors. Most are inclined to believe that irradiation in tuberculosis 
is of great value either as a specific, as a psychic factor, or, when used 
with other methods of treatment, as an adjuvant, while others find this 
form of therapy entirely useless. 

Mayer, in an article entitled Heliotherapy in Tuberculosis (1), summa- 
rizes his opinion as follows: 


We can safely assert that light therapy is a valuable adjuvant, but must be 
used together with the usual routine treatment. In bone and joint tuberculosis 
results have been most remarkable, with the closure of sinuses, and both the 
healing of joint lesions and the reéstablishment of function. Almost equal 
success has been met with in tuberculous disease of the skin, mouth, glands, 
pleura and peritoneum. Occasional disappearance of definite and marked 
disease of the ocular and genito-urinary apparatus has occurred. In laryngeal 
cases, some few favorable results were obtained, especially by the direct appli- 
cation of light to the focus. Finally, in pulmonary tuberculosis, in a very few 
selected instances, definite favorable results were obtained that have to be 
considered as due to this therapeutic aid, and which no other means of treat- 
ment alone was able to offer. 


Rollier and Borel (2) performed a laparotomy on one of their patients 
before treating him with light therapy. Some time later the same patient 
was operated on for appendicitis. No tuberculous nodules or tubercles 
could be seen on the second laparotomy. They concluded that this pa- 
tient was cured of tuberculous peritonitis by solar irradiation. They 
recommend sunlight treatment of serous linings, mucous membranes, 
joint and lung tuberculosis. Rollier (3) explains the action of heliother- 


1 From the Departments of Bacteriology and Pathology, College of Physicians and Sur- 
geons, Columbia University, New York City. 
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apy by assuming that light produces a more regular flow of blood from the 
depths to the surface, which leads to decongestion. He says that if 
light is used properly it will replace surgical procedure in all forms of 
tuberculosis except renal tuberculosis, and fails in this condition because 
the disease is diagnosed late. 

Reyn (4) was first to describe the treatment of lupus vulgaris by general 
irradiation in conjunction with local irradiation. The treatment con- 
sisted of exposure of the whole body to rays of carbon-arc lamps. He 
reports the treatment of 181 patients (5). Of these, 162 were given 
general carbon-arc irradiation and 19 were given similar treatment with - 
mercury-vapor lamps. Of the former, 72 per cent eventually healed, and 
of the latter only 45 per cent. The author concludes that general 
light baths are beneficial and that the carbon-arc is far superior to the 
mercury-vapor lamp. He reported no control tests; in other words, no 
cases in which general irradiation alone was used. Of 106 cases studied 
by Brown and Sampson (6), and diagnosed as intestinal tuberculosis, 86 
were treated with heliotherapy and 20 were not. Of the treated patients, 
88 per cent survived, whereas without ultraviolet-ray therapy only 25 
per cent remained alive. 

Some of the authors who have extensively tried the ultraviolet in 
medical or surgical cases have concluded that the method is useless. 
Mekie (7), for instance, feels that there is no justification for the use of 
artificial heliotherapy in any form of tuberculosis, since the control or 
nontreated do just as well as the treated ones. 

The experimental evidence of the effects of ultraviolet light on tubercu- 
losis is very divergent and contradictory. Eidinow (8) exposed tubercle 
bacilli mixed with blood or serum in a very thin film, and these were not 
killed. Cocci were killed after one hour in the irradiated defibrinated 
blood. He states, 


Long ultraviolet rays from 4,000 to 3,300 A.U. were without effect. Since 
penetration of short rays is small, it is doubtful whether there is local bacterici- 
dal action in vivo with either Finsen or Kromayer lamp treatments. The fact 
that the whole range of rays from 5,760 to 3,300 A.U. emitted from the mercury 
vapor lamp cannot destroy tubercle bacilli in a thin blood film, even after an 
hour’s exposure, strongly supports this view. 


Mayer (9) has shown that tubercle bacilli in a thin suspension of saline 
solution were easily destroyed by irradiation in 15 minutes’ exposure 
at a distance of 5 inches, but he was unable to render the bacilli nonacid- 
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fast no matter what dose of light he used. Howze (10), however, was 
able to render the tubercle bacilli nonacid-fast by exposing them in a 
saline solution to prolonged ultraviolet irradiation. Henri and Baroni 
(11) were unable to infect guinea pigs with tubercle bacilli when, previous 
to inoculation, the bacilli were exposed to the rays of the lamp for a long 
time. When the exposure was short the animals developed tuberculosis. 
Klingmuller and Halberstaedter (12) irradiated lupus nodules for 10 
minutes with Finsen concentration lamps and injected the ground ex- 
tracts into the peritoneal cavities of guinea pigs. Some of these ani- 
mals died of tuberculosis. 

H. Jansen (13) found that the rays from the Finsen lamp can completely 
destroy tubercle bacilli in lupus lesions to a depth of 1.5 mm.; but the 
lupus nodules are usually situated from 2 to 4mm. below the skin sur- 
face. Furthermore, the lupus scars and desquamation prevent the pene- 
tration of the rays. When tubercle bacilli were rubbed in on the backs 
of guinea pigs, Jansen (14) was unable to sterilize the lesions by means of 
irradiation. He was further unable to sterilize lymph nodes which were 
sliced thin and placed between two sheets of quartz. The irradiation 
was carried on with the carbon-arc lamp and the intensity was the 
same as that required to treat human tuberculosis. An emulsion of 
these lymph nodes was inoculated into guinea pigs which all became in- 
fected with tuberculosis. When the thickness of the tissue exceeded 0.3 
mim. he was able to sterilize only in one instance. When normal rabbits’ 
ears were irradiated for the same duration and intensity, necrosis was 
caused to a depth never greater than 0.5mm. Jansen and Delbanco (15) 
excised lupus nodules which had been treated with light and found that 
the histological changes following irradiation were those of a general 
necrosis to a depth of about 0.7 mm. According to these authors a line 
of demarcation forms, and new epithelium grows under the dry scab 
which forms a slough. In this manner the superficial lesion is removed. 
Since lupus often extends 3 to 4 mm. beneath the surface, it is easy to un- 
derstand why this treatment must be repeated many times. 

Heiberg and Lomholt (16) excised 43 lupus nodules which had been 
refractory to the Finsen treatment. The depth of all but one exceeded 1 
mm. The histological findings of these authors are in accord with the 
work of Jansen and Delbanco. Macht, Anderson and Bell (17) state 
that living tissue absorbs the ultraviolet rays much more readily than 
dead tissue, and that the short rays penetrate the living skin more deeply 
than the longer ones. Their conclusions are based on careful observa- 
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tions carried out by means of a spectrograph and thermopyle. They 
have further shown that the white human skin is more permeable to ultra- 
violet irradiation than negro skin on account of the pigmentation of the 
latter. Aschenheim and Meyer (18) believe that the capillaries of the 
epidermis take up light energy and transform it so that the blood cells 
are very easily reached indirectly. There is a decrease in leucocytes and 
an increase in lymphocytes. 

Freund (19) photographed the spectrum of an induction spark through 
the skin. None of the wave-lengths shorter than 3,250 A.U. were re- 
corded on his plate. Schultz (20), using a mercury-vapor lamp, was able 
to report the line at 2,400 A.U. Hasselbalch (21) made quantitative 
measurements of ultraviolet transmission through skin. He placed skin 
between quartz plates immediately upon a photographic plate, upon 
which was focused the spectrum from a quartz-mercury-vapor lamp. He 
determined the time necessary for the unobstructed lamp to produce lines 
of the same photographic density as were produced in a standard time 
through the interposed skin. He found that the high intensities of short 
duration do not produce the same effect as the low intensities of longer 
duration, and that pigmented skin had a higher rate of absorption than 
unpigmented skin. 

Mayer and Dworsky (22) believe that they have shown that ultraviolet 
light has definitely influenced the healing of corneal tuberculosis in 
rabbits. They report no autopsy findings. Newton (23) in a similar 
experiment not only failed to obtain healing of the corneal ulcerations 
but found that the repeated light treatment accelerated the lesions. 
When the eye was exposed to light treatment a few hours after infec- 
tion the cornea was sterilized and no ulceration developed, but after the 
pathological process had once set in, which took from 23 to 27 days, the 
treatment accelerated the lesions in all the animals. Neither did general 
irradiation prevent the formation of severe ulcerations. Autopsy showed 
more or less extensive tuberculous involvement of spleen, liver, lymph 
nodes, etc. The ulceration of the cornea always yielded virulent tubercle 
bacilli. 

Those who claim to have obtained favorable clinical or experimental 
results explain their cures by the germicidal action of the ultraviolet rays 
or by sloughing off of the tuberculous tissue. Still others, such as Balder- 
rey and Barkus (24), claim that when the human body is exposed to direct 
sunlight the alkalinity of the blood is increased. They suppose that this 
is brought about by diminished concentration of carbon dioxide in the 
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blood and the alveoli. They believe also that when guinea pigs infected 
with tuberculosis are exposed to light they live longer and gain in weight. 
Hobert (25) showed that when mice were bled regeneration of red blood 
cells was much faster when the animals were treated with ultraviolet 
rays, at from 4- to 5-day intervals, than when kept in the dark. Regen- 
eration was very slow in the control group and most of the animals died. 
When kept in the light without treatment, regeneration was complete 
in from 13 to 14 days. When treated with ultraviolet light, regenera- 
tion was complete in 10 to 11 days. 


EXPERIMENT 


For our work we used guinea pigs and a mildly virulent human strain, 
R1. Although the dose varied, this organism was used throughout. 
In the first experiment 16 guinea pigs were used. Their average weight 
was 500 gm. Of the first series of 12, 6 received 0.1 mgm., and 6 received 
1.0 mgm. intraperitoneally. All the guinea pigs were tested with Old 
Tuberculin several days prior to infection. After infection, they were 
divided into 3 groups, 1, 2 and 3. Group 1 comprised 2 animals that 
received 0.1 mgm. and 2 that received 1.0 mgm. Treatment of these 4 
guinea pigs was begun 4 days after infection. Group 2 contained 2 
animals that received 0.1 mgm. and 2 that received 1.0 mgm. These 
were irradiated after the tuberculin test became positive, which was in 20 
days after infection. The remaining 4 guinea pigs were used as controls 
(group 3). Irradiation was given every other day for a half-hour, at a 
distance of 2 feet from the burner, the animals being allowed to walk 
about in small wire baskets during exposure; in other words, the treat- 
ment was a general body irradiation. The air-cooled quartz-mercury- 
vapor lamp was used. 

The control animals were killed 48, 80, 114 and 120 days after infection. 
At autopsy, as may be seen in table 1, there was very little macroscopic 
tuberculosis. Tubercle bacilli were recovered in the smears from all the 
controls, and sections showed tubercles, mostly in the lymph nodes. 
The 8 treated guinea pigs were sacrificed at intervals from 116 to 128 days 
after infection. Six of the 8 treated animals showed very extensive tu- 
berculosis of all the abdominal organs, as can be seen from the table. 
The remaining 2, which received only 0.1 mgm., showed no macroscopic 
tuberculosis, but sections and smears were positive. 

Because of the lack of therapeutic response in this series, it was deemed 
advisable to use another group of guinea pigs. Again we inoculated 4 
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guinea pigs with 0.1 mgm. of R1. This time treatment was not begun 
until 13 days after infection, and the animals were killed at 90 to 93 days. 
All had extensive tuberculosis of the abdominal organs (see table 1). 
Microscopic sections showed tubercles. Smears were positive for tuber- 
cle bacilli. 

The number of treatments did not appear to have any influence on the 
course or progress of the disease. As a matter of fact, the greater the 
number of irradiations the more extensive was the disease. It should 
be borne in mind, however, that those animals which received the greater 
number of treatments were permitted to live longer, so that one would 
expect the disease to be more extensive. The point that we should like to 
emphasize is that irradiation did not retard the progress of the tubercu- 
lous disease except in 2 animals (nos. 2397 and 2390), which received 45 
and 57 exposures, respectively. At autopsy these animals showed no 
macroscopic lesions, but sections showed tubercles and smears were posi- 
tive for tubercle bacilli. On the other hand, one can see that the 4 con- 
trols, which were permitted to live 49, 80, 114 and 120 days, respectively, 
showed very little macroscopic tuberculosis, whereas the treated animals, 
permitted to live 128 days at the longest, showed, as a rule, extensive 
gross lesions. 

We attributed our negative results to, possibly, too large an infecting 
dose, or too great an intensity of irradiation, or to the fact that general 
irradiation was unable to sterilize the tissues and thus retard the prog- 
ress of the disease. We therefore repeated the experiment with the 
following modifications: A smaller dose of tubercle bacilli was used, the 
time of exposure was reduced from 30 to 15 minutes, the distance of the 
lamp was changed from 2 to 33 feet, and the abdominal walls were shaved 
so that the skin would be directly exposed to the ultraviolet rays. 

Twenty-two adult white guinea pigs, of average weight of about 500 
gm. were divided into two groups. They were all injected intraperitone- 
ally with 0.01 mgm. of tubercle bacilli, in 1 cc. of saline solution. On the 
twenty-fifth day the tuberculin test was positive and irradiation of the 
animals was begun. This was given 33 feet from the burner for 15 min- 
utes directly on the abdominal wall. In order to expose the abdomen of 
the animals directly, it was necessary to tie the animals down. After a 
few exposures, all the treated guinea pigs appeared to be sick, and most 
of them had lost weight rapidly. After 10 treatments we decided to 
abandon this procedure and to resort again to general irradiation. Most 
of the guinea pigs gained an average of 50 gm. after the new procedure 
was begun. 
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The animals were killed in pairs (that is, a treated animal and a con- 
trol) whenever possible, except in case one died. The time that they 
were permitted to live after infection ranged from 49 to 120 days. Table 
2 shows the dates of the autopsies and the results. A glance will disclose 
that the treated and the nontreated guinea pigs developed extensive 
tuberculous disease, mainly of the abdominal organs, notably the spleen, 
liver, retroperitoneal lymph nodes, omentum, mesentery, and that the 
treated animals had the disease in slightly more extensive form than the 
nontreated animals. All the guinea pigs showed macroscopic or micro- 
scopic tubercules, or both, either of spleen, liver, retroperitoneal lymph 
nodes, omentum, mesenteric nodes, or of all the abdominal organs. 
Smears were also positive for tubercle bacilli. 

The discouraging results obtained in our previous two experiments led 
us to believe that perhaps the infecting dose was still too large, or that 
the time-interval that elapsed between infection and treatment was too 
long, or that the guinea pigs which we used had a very low resistance to 
tuberculous infection. We therefore decided to give a smaller dose 
(0.001 mgm. of R1), to start treatments on the second day after infection, 
and to immunize the animals with dead R1 bacilli subcutaneously. 
Tubercle bacilli were autoclaved, and 1 mgm. by dry weight in 1 cc. of 
saline solution was injected subcutaneously into 18 guinea pigs. Several 
days after injection of the dead bacilli all the animals were tested for 
tuberculin sensitivity. If the tuberculin reaction was negative, another 
dose of the dead Ri bacilli was given. Usually it required one or two 
doses to render the animals hypersensitive to tuberculin. The basis of 
this procedure was to retard the spread of the infection, if possible, by 
rendering the animal relatively immune to reinfection by living tubercle 
bacilli. Krause (26) and Willis (27) have shown that previously sensi- 
tized animals restrain the reinfecting tubercle bacilli for about three weeks 
to the site of inoculation, whereas when tubercle bacilli are injected into 
previously noninfected animals the microdrganisms may spread to the 
regional lymph nodes within a few hours and definitely within 24 hours. 

The 18 guinea pigs were all inoculated intraperitoneally on the same 
day with the living culture of Ri. They were treated every other 
day, for 10 minutes, at a distance of 33 feet from the lamp, with general 
irradiation. The number of exposures varied from 25 to 53, according to 
the time when the animals were killed. Autopsy revealed again that 
the control and the treated animals developed more or less extensive 
macroscopic and microscopic tuberculosis of the spleen, liver, omentum 
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and lymph nodes. The 9 treated animals showed slightly more extensive 
disease than the controls. The tissue-smears of all the guinea pigs 
were positive for tubercle bacilli. 


SUMMARY 


The varying therapeutic results of others led us to undertake an experi- 
mental investigation of ultraviolet therapy in experimentally induced 
tuberculosis. The procedure consisted of intraibdominal inoculation 
into guinea pigs of avirulent tubercle bacilli. One group of animals, 
numbering 16, received an avirulent strain of tubercle bacilli intraperi- 
toneally, and general irradiation at a distance of 2 feet for one-half hour 
every other day. At autopsy these treated animals were found to have 
more extensive tuberculous disease, macroscopically and microscopically, 
than the control animals. 

Assuming that possibly the dose may have been too large, or the inten- 
sity of irradiation too great, a second group of 22 was inoculated with 0.01 
mgm. of tubercle bacilli; all the animals in this group were treated locally 
on the shaved abdomen, 10 exposures in all. Subsequently they were 
given general irradiation. At autopsy the treated animals were found 
uniformly to have more diffuse lesions than the controls. 

Because of the poor results obtained in our first two experiments, we 
thought that the infecting dose might still be too large, or that the time 
interval between infection and treatment was too long, or that the ani- 
mals were very susceptible to tuberculous infection, although we used an 
avirulent strain which is not supposed to be highly pathogenic for guinea 
pigs. We therefore gave a smaller dose, 0.001 mgm., and treatment was 
begun on the second day after infection. All the animals were also 
immunized with dead R1 bacilli subcutaneously. By means of this last 
procedure we hoped to hold the infection more or less i situ. Eighteen 
guinea pigs were inoculated intraperitoneally; nine were irradiated, ‘ 
and nine served as controls. The 9 treated animals once more showed 
more extensive disease than did those which had not been exposed to 
ultraviolet rays. 


CONCLUSION 


1. When guinea pigs are infected with mildly virulent tubercle bacilli 
intraperitoneally, they develop extensive tuberculous disease even 
though subsequently treated with ultraviolet irradiation. 
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2. In our experiments, comprising three series of tests, the irradiated 
animals developed tuberculosis to fully the same degree as those which 
had not been treated with ultraviolet rays, and in some instances showed 
more extensive disease than did the controls. 
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A NOTE ON THE EFFECT OF THE ORAL ADMINISTRA- 
TION OF IRRADIATED ERGOSTEROL ON THE CAL- 
CIUM CONCENTRATION OF THE BLOOD-SERUM 
IN PULMONARY TUBERCULOSIS! 


JACOB KAMINSKY anp DORIS L. DAVIDSON 


The blood-calcium in pulmonary tuberculosis has been a subject of 
considerable interest to the phthisiotherapist. Some investigators in 
this field have sought to determine the influence of a number of thera- 
peutic agents on the blood-calcium in this disease, with varying results. 

Maver and Wells (1) found that the oral administration of calcium salts 
did not increase the amount of calcium in the blood and tissues in experi- 
mental tuberculosis. Matz (2) obtained a rise in the serum-calcium in 
tuberculous patients following the oral administration of calcium salts. 
This author noted a further augmentation of the rise in serum-calcium 
when codliver oil was administered in addition to the salts. Teplitz (3) 
found no increase in the serum-calcium in tuberculous patients following 
the administration of calcium lactate and this combined with thyroid 
extract. Howe and Medlar (4) found no evidence of ultraviolet rays 
having any effect upon the calcium or phosphorous content of the blood 
in tuberculous adults, granted that the calcium was within normal 
limits. Greisheimer and Van Winkle (5) noted that exposure to the 
alpine lamp or sun did not increase the plasma-calcium in tuberculous 
adults, nor was the plasma-calcium concentration markedly affected by 
the ingestion of codliver oil. 

Rather striking effects on the blood-calcium have been noted follow- 
ing the oral administration of irradiated ergosterol. This drug, recently 
introduced into the field of therapeutics, shows among its other properties 
a marked tendency to raise the blood-calcium (6) (7) (8). It has also 
been noted that, in cases with abnormally high blood-calcium brought 
about by the ingestion of this drug, the rise persisted for a considerable 
period after the irradiated ergosterol had been discontinued (6). It was 
therefore thought that it might be of interest to inquire into the effects of 


1From Service D and the Laboratory of the Rutland State Sanatorium, Rutland, 
Massachusetts. 
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irradiated ergosterol on the serum-calcium concentration in pulmonary 
tuberculosis and to note its influence, if any, on the course of the disease 
as may be revealed by clinical and roentgen-ray findings. 

A group of 10 patients were selected for this preliminary study. These 
were all men, their ages ranging from 17 to 30. Six were far-advanced 


TABLE 1 
Showing the serum-calcium concentration before and after treatment with viosterol: mgm. of 
calcium per 100 cc. of blood-serum 


(20 


(20 
DROPS DAILY) 70 HOURS 


DROPS DAILY) 22 HOURS 
(20 


VIOSTEROL 
INGESTED: ENTIRE SERIES 
DROPS DAILY) 22 HOURS 
VIOSTEROL 
AFTER THE LAST DOSE WAS 


AFTER THE LAST DOSE WAS 
INGESTED: GROUP 2 


RELIMINARY DETERMINA- 
TIONS: ENTIRE SERIES 
AFTER THE LAST DOSE WAS 
WITH VIOSTEROL 
INGESTED: GROUP 1 


WITH 
WITH 


AFTER 7 DAYS’ TREATMENT 


November 20 
November 26 | 
December 5 
AFTER 12 DAYS’ TREATMENT 
December 10 
December 10 


AFTER 10 DAYS’ TREATMENT 


STAGE OF DISEASE 


PATIENT 


11.83 
12.06 
43-22 
(Unable to 
take the 
drug*) 
13.92 
12.76 
11.36 14.84 
11.60 12.18 
11.71 
10.90 9.56 


&. 
P. 
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an 


12.08 12.29 


* This patient was found to be very sensitive to oils of any kind. 


cases, and in three of these the prognosis was guarded. Four were 
moderately advanced cases, and in one of these the prognosis was 
guarded. Five patients had haemoptysis before admission, and three 
of these five also had haemoptysis during residence at the sanatorium. 
All but one? of the group were on routine sanatorium treatment, receiving 
the usual house diet with an abundance of pasteurized milk. 


2 This patient was placed on artificial-pneumothorax treatment on November 20, the date 
of the first serum-calcium reading. 
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Two preliminary serum-calcium determinations were done; the first 
reading was taken eight days, and the second one two days before the 
first dose of the drug was administered. Blood was drawn from the 
arm, on a fasting stomach, and the serum-calcium determined by the 
method of Kramer and Tisdall (9). 

Twenty drops (7 minims) of viosterol* were administered daily, in one 
dose, at 9 A.m., for seven days, and another serum-calcium determination 
was done twenty-two hours after the last dose of the drug was given. 
The patients were then divided into two groups, group 1 consisting of 
5 patients (nos. 1, 7, 8, 9 and 10 in the series); and group 2 of 4 patients 
(nos. 2, 3, 5 and 6). The patients in group 1 were given 5 additional 
doses, making a total of twelve days’ treatment with viosterol. Those 
patients in group 2 were given 3 additional doses, making a total of ten 
days’ treatment for this group. After the twelve-day period of treatment 
was completed in group one, the serum-calcium was determined for both 
groups. This determination was done twenty-two hours after the last 
dose of viosterol was administered in group one, and seventy hours after 
the last dose was administered in group two. 

Table 1 summarizes the results. 


DISCUSSION 


The ingestion of 20 drops of viosterol daily for seven days was followed 
by a considerable rise of the serum-calcium concentration in the entire 
series, ranging from 1.08 mgm. to 6.4 mgm., and raising the average for 
the series from 9.38 to 12.08 mgm. per 100 cc. of blood-serum. The 
serum-calcium of those in group 1 showed comparatively lower gains, an 
average of 11.36 mgm. for the group; but an additional five days of treat- 
ment caused a further augmentation of the serum-calcium concentration 
in four out of five in this group, raising their average to 12.29mgm. The 
serum-calcium concentration in those of group 2 showed comparatively 
higher values, an average of 12.98 mgm. per 100 cc. of blood-serum. 
These were given but three days of additional treatment; and a serum- 
calcium determination, performed seventy hours after the last dose of 
the drug was administered, showed an average concentration of 12.04 
mgm., indicating but a comparatively small decrease in the surplus of 
serum-calcium. 
3 Viosterol is the official designation given to irradiated ergosterol in oil in New and Non- 


official Remedies. The preparation used here was Viosterol in Oil 100 D, N. N. R., Parke, 
Davis & Co. 
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It appears from the above results that the administration of irradiated 
ergosterol is followed by an increase in the serum-calcium concentration, 
and in some of the cases the higher calcium level shows a tendency to 
persist for some time after the drug is discontinued. No attempt will be 
made here to record observations on the general effects of irradiated 
ergosterol in pulmonary tuberculosis. Further studies are in progress 
along this line on a larger series of cases. 

While some investigators (10) maintain that there is no deficiency in 
calcium in the blood in pulmonary tuberculosis, others (11) have noted 
wider variations in calcium values in advanced cases, and improving 
patients showed on the average higher values than the unimproved. 
Lower serum-calcium concentrations have also been noted in patients 
who showed a comparatively low resistance to the disease (12), in some 
haemorrhage cases (13), and again in the far-advanced toxic type (3). 
The average serum-calcium concentration in our series was somewhat 
below normal, irrespective of an abundant intake of milk which theoretic- 
ally should have furnished a normal amount of calcium. However, as 
was seen above, the serum-calcium was quite markedly increased after 
the ingestion of the drug. 

The mode of action of irradiated ergosterol is of interest in this con- 
nection. Hess and Lewis (6) suggest that irradiated ergosterol acts by 
stimulating the parathyroid glands. Bauer and Marble (14) point out 
that experimental data at hand tend to indicate that the hypercalcaemia 
resulting from parathyroid-extract injections is at the expense of the 
bones. Since irradiated ergosterol is known to increase calcification of 
bone, it is not likely that it could bring about this result by stimulating 
the parathyroids. These investigators present experimental evidence 
which suggests that irradiated ergosterol increases the amount of calcium 
which is absorbed from the gastrointestinal tract. 

The striking augmentation of the calcium level which followed the 
ingestion of irradiated ergosterol, when viewed in the light of the latter 
theory, might perhaps help to explain why lower calcium values are met 
with in advanced pulmonary tuberculosis, and why efforts to influence 
the blood-calcium by oral or intravenous administration of calcium salts 
did not produce any marked or more than transient results. Apparently, 
it is not a deficiency in the calcium intake, but a faulty absorption from 
the gastrointestinal tract that keeps the serum-calcium at a lower level; 
and the rise in the serum-calcium in our series might be interpreted as the 
response of the mechanism of absorption in the gastrointestinal tract 
to the drug. 
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In irradiated ergosterol we have a new means of influencing calcium 
metabolism, and it may prove of great value in further investigations of 
the réle of calcium in pulmonary tuberculosis. 


Acknowledgment is here made of the keen interest shown by the Superintendent, Dr. 
E. B. Emerson, as well as of his encouragement of these investigations. 
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IRRADIATED CODLIVER OIL AND EOSIN IN PULMON- 
ARY TUBERCULOSIS 


G. J. HILDEBRAND! 


In regard to the use of codliver oil in pulmonary tuberculosis Jacquerod 
(1), in a paper on The Importance of Fats in the Feeding of Tuberculosis 
Patients, states: 


The absorption of fatty bodies allows the latter to arrive directly in contact 
with the pulmonary tissues before any assimilation or utilization by the rest of 
the organism has taken place. Peptone and the carbohydrates are absorbed 
by the veins and modified by their passage through the liver before entering the 
general circulation. Fats, on the contrary, are absorbed by the lymphatics in 
the form of a milky emulsion, which by the intermediary of the thoracic duct, 
is thrown into the right heart and from here directly into the lungs. Hence 
the aim of treatment should be to cause the circulating fat to pass into the lungs 
as abundantly as possible. Every tuberculosis patient should be given a 
dessertspoonful of codliver oil before each meal for a long period. The well 
known excellent therapeutic action in tuberculosis of codliver oil is attribut- 
able to the fats contained init. The therapeutic effect of codliver oil has also 
been explained by the action of lipolytic ferments, which are produced at the 
time of the digestion of fats, and which favor the destruction of the bacillus. 


Warfield (2) states that codliver oil acts as a specific in what he terms 
a pretuberculous or occult tuberculous stage. He says further, 


Empirically many have used codliver oil for years to “build up” people, little 
realizing that the need for “building up” was this tuberculo-toxemia malady. 
Within the last few years evidence has been brought forward that codliver oil , 
not only actually inhibits the growth of the tubercle bacillus in vitro, an effect 

which cotton-seed oil or other neutral oils do not produce, but it is a food and 

has the greatest content of fat soluble vitamine A of any known substance. 


Having read the foregoing articles on the use of codliver oil in tubercu- 
losis, it occurred to me that the value of the oil might be enhanced by 
irradiating it. Certain foods could be made antirachitic by subjecting 


1 Sheboygan, Wisconsin. 
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them to the rays of an ultraviolet lamp. Could it not be supposed then 
that the bactericidal properties of ultraviolet rays could be transmitted to 
codliver oil by exposing the latter to the rays? 

I learned later that codliver oil, irradiated for short periods, was used 
by a number of men interested in the treatment of tuberculosis. They 
used it, however, for its effect on the calcium and phosphorus metabolism 
rather than for any bactericidal action on the tubercle bacillus. 

I was very much interested then to read that the theory of giving cod- 
liver oil bactericidal properties, by irradiating the oil, was demonstrated 
to be a fact by the experimental work of Wrenn (3). He showed that, by 
exposure to the quartz-mercury-vapor spectrum or the strong rays of 
direct sunlight, certain fixed oils acquire the property of emitting bacteri- 
cidal rays. In this respect codliver oil gave the most uniform and super- 
ior results. Variation in the bactericidal activity of the oils subsequent 
to irradiation appears to be due to variations in the absorptive power of 
the oils for ultraviolet rays. The bactericidal property of irradiated oils 
has been shown to be related to the degree of their blackening effect on 
photographic films. 

Studies of the effect of high temperature, alkalization, and a long period 
of storage on the oils indicate that the factors responsible for bactericidal 
actions are very stable. The bactericidal radiations from the oils cannot 
penetrate thin quartz screens. They are presumably made up of several 
different wave-lengths in the ultraviolet region of the spectrum. 

Eosin has been used at various times to enhance the curative effects of 
ultraviolet light. Macht (4) suggested the use of eosin as a sensitizer in 
treating certain cases of pernicious anaemia with ultraviolet rays. He 
states that he was encouraged to use eosin by the experiences of Gyérgy 
and Gottlieb, who found that through the administration of eosin to in- 
fants the curative effects of ultraviolet rays in rickets were greatly 
intensified. 

This fact was made use of by Léwenstidt (5) in a study of the effect of 
light on experimental tuberculosis in guinea pigs. Guinea pigs, inocu- 
lated subcutaneously with tubercle bacilli, were exposed to sunlight, 
light from a quartz-mercury-vapor arc and from a carbon-filament lamp. 
No effect on the disease was noted. When small doses of a 1 per cent 
aqueous solution of eosin were injected, all the tubercles became encap- 
sulated after exposure of the animal to light. 

Suppose that irradiated codliver oil, giving off bactericidal rays, be 
ingested, and absorbed by the lymphatics, and, by the intermediary 
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of the thoracic duct, thrown into the right heart and thence directly into 
the lungs. Might it not be possible that the ingestion of such oil could 
have a beneficial action on pulmonary infections? And from the experi- 
mental work previously cited, could it not be expected that the admini- 
stration of eosin would enhance the action of the oil? 

At any rate this treatment was used by the writer in his own case. 
While it is well known that one case means nothing, this report is made 
only with the hope that someone engaged in tuberculosis work may give 
it a trial. Tuberculosis is still a serious problem and any method of 
treatment which seems helpful deserves at least to be investigated. 


Case Report 


Age 35. In July, 1927, an old tuberculous process, quiescent for 7 years, again 
became active. Haemorrhages occurred on three or four occasions. Cough 
was troublesome and the expectoration rather profuse. During the early part 
of 1928, codliver oil, irradiated for two hours under the quartz lamp, was taken 
in tablespoonful doses before meals. Eosin, gr. 3 in capsule, was taken 
after meals. This was continued until 1 quart of oil had been consumed. 
This, of course, was in addition to the rest, diet and fresh air usually prescribed 
for tuberculosis. Not having improved much under this treatment I went to 
New Mexico, May 1, 1928. To my surprise cough and expectoration ceased 
entirely and rather abruptly about three weeks later. Ido not believe that the 
climate could be given credit for this. I believe the same thing would have 
happened had I remained in Wisconsin. Up to the present time there has been 
no renewed activity. Because of the rather extensive involvement of the 
lungs and the rather abrupt ending of the symptoms I am led to believe that the 
treatment employed may have had some favorable influence. 


RESISTANCE IN TUBERCULOSIS 


What relation lack of certain vitamines may have to the development 
of tuberculosis has been the subject of some interesting experiments. 
Grant (6) and her coworkers determined that white rats can be made sus- 
ceptible to tuberculosis by decreasing the calcium and vitamine D of the 
diet sufficiently. 

Sherman and Burtis (7) have studied the long-delayed effects of a mild 
deficiency of this food factor. The conclusion drawn from their experi- 
ments is that a relative deficiency of this dietary essential in infancy 
exerted a lasting deleterious effect on the body. 

Whether rickets during the first years of life has some deleterious and 
permanent effect on the calcium metabolism, and whether this effect may 
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make an adult person more susceptible to tuberculous infection are 
interesting speculations. 

One may note, however, that rickets and tuberculosis may bear some 
relationship to each other when we consider the prevalence of both 
diseases. When the African negro acquired the habits of the white man, 
rickets become prevalent; so did tuberculosis. The same thing is true of 
the American Indian and, more recently, the Mexican, who is settling in 
our larger cities in increasing numbers. The Jewish race has always been 
considered to have a higher resistance to tuberculosis. Rickets too is less 
prevalent among children of this race. If rickets in childhood makes one 
more susceptible to tuberculosis in adult life, then the recently obtained 
knowledge concerning vitamines, ultraviolet rays and the sterols should 
have a far-reaching effect. The children born within the last five years 
have had the benefits of our newer knowledge concerning the prevention 
of rickets, and it will be interesting to note whether the incidence of 
tuberculosis will be decreased when these children reach the age of 
tuberculosis (18-35 years). Ifso, we should have much less tuberculosis 


beginning about 1945. 
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THE TREATMENT OF THE “EARLY” CASE OF 
TUBERCULOSIS 


MILES J. BREUER! 


Present-day literature on tuberculosis contains a great deal on early 
diagnosis. Writers urge that cases be recognized early, and suggest 
signs and methods for doing so. But the literature is oddly silent on 
what to do with the early case when it is found. How to treat the case 
that is discovered early, in pursuance of the urgings and technique so 
widely offered, is a matter on which I have thus far been able to find so 
little discussion that it is negligible. 

For, it is the most obvious thing in the world that the “early” case 
cannot be handled by the same routine as the advanced case. The dis- 
cussions on the treatment of tuberculosis that occupy so much space in 
medical publications to-day apply practically im tote to the severe, well- 
advanced case. In view of the fact that increased interest is being aroused 
in searching for “early” cases, and increased attention is being paid to 
criteria for recognizing them, the number of such cases under treatment 
ought to be on the increase. Since the actual number of “‘early”’ cases in 
existence among the population is much greater than that of the advanced 
cases, their treatment ought to be a matter of some importance. Further 
importance is added to the subject of the treatment of “early” types by the 
fact that proper treatment means recovery in a large proportion of cases, 
whereas inadequate treatment means progress of the disease to the refrac- 
tory or hopeless advanced stages. . 

In many respects, the treatment of the “early” case is more difficult 
than that of the advanced case. In the first place, there is little or noth- 
ing that the physician can do with his own hands. Everything depends 
upon the patient’s carrying out instructions and continuing to do so for a 
discouragingly long time. No matter how difficult the task, if the doctor 
can roll up his sleeves and pitch in and do it himself, it is never so dis- 
couraging a problem as when his skill avails him nothing except in so 
far as he can use it to influence the patient’s behavior to the proper ends. 

In the second place, although a great deal of effort and discipline and 
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sacrifice are required on the part of the patient, the disease in most 
cases seems to the patient hardly severe enough to warrant such expendi- 
ture. It is all too frequently difficult to make the patient believe that 
the condition has serious significance, and therefore it is difficult to secure 
the necessary codperation on his part. 

It might be wise, before going into the discussion of the treatment, to 
define what constitutes the “early” case. The word “early’’ may or 
may not describe the chronological duration of the infection. An “early”’ 
case may have been dragging along for a dozen years longer than a case 
which we call advanced. The best way to describe an early case is to say 
that it is one in which the volume of infection or the extent of involved 
tissue is still relatively small. Bearing in mind that the disease pro- 
gresses from an original circumscribed focus and spreads by reinoculation 
into new areas, we may term an “‘early” case one in which reinoculations 
have as yet been few in number and small in volume, in which the infec- 
tion has not spread far from the original focus, and in which the accumula- 
tion of anatomical-pathological changes is not great. In such a case, the 
clinical symptoms produced by the infrequent reinoculations are not 
severe; therefore the deleterious effect on the patient’s nutrition and 
capacity is merely relative. With proper care in such cases, the natural 
tendency of the human body to recover from the reactions and to heal 
the damage that has been done will eventually prevail, and recovery will 
result. 

It is not possible, even in “early’’ tuberculosis, to devise a routine treat- 
ment through which all patients may be run alike. In order to handle 
the vast variety of individual problems effectively, it is necessary to have 
a clear idea of the objectives of therapy in these cases: 

1: As the patient is likely to have his problem to face for many years 
to come, possibly for the rest of his life, his outstanding need is to under- 
stand his problem himself as thoroughly as the physician does. He must 
master the subject of tuberculosis and its treatment. His treatment is 
not adequate until he has learned to manage it himself, and meet its 
minor emergencies without his doctor’s assistance. Therefore, the treat- 
ment of these cases is an education; the physician is a teacher, and his 
duty to the patient is to provide a course of training. 

2: Tuberculosis is the penalty paid by the human race for its civiliza- 
tion. The unfit individual is preserved by modern science, and is sub- 
jected to social and economic stresses which are strenuous enough for the 
fittest. Even in cases in which a clinical cure is possible, if the patient 
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is then sent out to face the same situation that caused his disease in the 
first place, he will pay the penalty again. The principal cause of adult 
clinical tuberculosis is maladaptation. Therefore, the principal problem 
in its treatment is that of helping the patient to make and maintain the 
adjustment between his capacity and his environment. 

3: The public has a brave picture in mind of the doctor “fighting 
tuberculosis.” Needless to say, there is no method of fighting the disease. 
Our only hope lies in the body’s natural defenses. Our efforts are di- 
rected toward giving these an optimum chance; possibly also in stimulating 
them to increased activity, though the latter possibiity is not admitted by 
everyone. Fortunately, in most cases of this type, the patient’s natural 
tendency to heal is a powerful factor, and, if taken advantage of early 
enough, it will save the day. 

4: In some of our “early” cases, a cure in the clinical sense is quite 
possible. In others, an arrest and adaptation are all we can hope for. I 
know of no way to determine in advance about a given case to which of 
these categories it belongs, though the patient’s past history is more of 
a guide to an opinion on the matter than his present physical condition. 
However, the physician ought to take advantage of every bit of bright 
prognostic evidence, and extend to the patient as much hope as possible; 
he ought even to overdo the matter a little. Admitting that one ought to 
be guarded in promising too much, on the other hand, too much assur- 
ance in giving an unfavorable prognosis will wreak the more harm of the 
two. Patients sometimes recover from seemingly hopeless situations; 
and the hope of recovery is one of our most powerful therapeutic agents. 

5: I know of no chronic disease which presents a wider variety of clini- 
cal symptoms, distressing to the patient and puzzling to the physician. 
Their relief will tax his therapeutic ingenuity to the utmost. 

The early relief of as much symptomatology as possible is of great 
importance; first, because an increase in comfort means decrease in stress, 
and stress is the chief obstacle to recovery; second, because the psychic . 
encouragement derived from the relief of a distressing symptom, even 
though the symptom be quite inconsequential in its’ pathological origin, 
is a powerful help toward holding the patient to his prescribed regimen 
and giving him valuable hope. 


In order that treatment may be effective,—in fact, in order that efforts 
at treatment may not do positive harm,—certain therapeutic theses 
must be kept so clearly in mind that every word spoken to the patient 
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must help emphasize them. Success in the treatment of this condition 
is achievable only at the price of the utmost clearness of conception in the 
mind of the physician as to what he is trying to do, and of a high degree 
of efficiency in influencing the patient to carry out these conceptions. 

1: It is necessary that the physician, in his initial announcement of the 
diagnosis, avoid conveying to the patient a distorted idea of the disease 
and the situation. The medical man must keep in mind that the word 
“tuberculosis” may not carry the same significance to the lay patient as it 
does to the medical man who specializes in the subject. The picture that 
arises in the public mind when “‘tuberculosis” is mentioned corresponds 
to the condition as medical. men knew it fifty years ago. To them it 
means “‘consumption,” the advanced stage of the disease, with a hollow 
cough, a wasted body, and a hopeless prognosis. To say to a person who 
has that conception of the term, ‘“You have tuberculosis!” is equivalent to 
telling him, “You are sentenced to be shot at sunrise!’ It will nullify 
three months of subsequent therapeutic effort. It will take hours of 
explaining to counteract the effect of that sudden, initial jolt, provided 
the patient does not promptly bolt in a panic. 

Before the diagnosis is flatly stated, a careful explanation must be made 
to the patient of the universal distribution of the infection, of its various 
types and degrees of clinical development, of the differences in the meaning 
of the word as used by the modern scientific medical man and as under- 
stood by the general lay public, and of the curability of the favorable 
types under proper conditions. It is a wise precaution to have such an 
explanation typewritten or printed, so that it may be handed to the 
patient for future reference. Without this clarification of the term in 
the patient’s mind one of two things will happen. Either the patient 
will be detrimentally frightened, or else he will disbelieve the diagnosis. 
In the latter case he will go from doctor to doctor; he will get “tonics” 
and have his appendix out; and eventually will have a diagnosis of tuber- 
culosis when he has advanced so far that it is evident to the careless 
observer, by which time the prognosis will be less optimistic and the 
treatment much more difficult. 

While it is necessary to avoid frightening the patient, on the other 
hand, the matter must not be made light of. The patient must be filled 
with respect for his diagnosis. He must be made to understand that he 
has a long and difficult course of treatment ahead of him, and that 
consequences of the most serious nature will result from neglect or 
carelessness. 
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2: It is necessary that the patient be made to grasp clearly the general 
conception or rationale of treatment. What with the frequent news- 
paper announcements of some marvelous new “‘cure”’ for tuberculosis and 
the popular expectation that the doctor can in some way “fight the 
disease,”’ the average patient is apt to be disappointed, to his own even- 
tual undoing, by the apparent lack of specific attack by the doctor on the 
disease. In a condition in which the treatment must last so long a time, 
in which results are so slow in appearing, and in which effort and patience 
on the part of the patient as well as of the doctor are so necessary as in 
tuberculosis, any delay in getting a correct understanding of the true 
state of affairs over to the patient means danger that the patient will 
become discouraged, discontinue treatment, and consult someone who 
will make him more glowing promises of cure. 

It is therefore essential to explain clearly that there is no specific treat- 
ment for tuberculosis, no way of “killing the germ;” that the only hope 
lies in building up the patient’s physical condition; and that physical 
condition is built up by nutrition and relief of stress. Nutrition involves 
food, water, air and light; while the relief of stress involves both mental 
and physical factors, the discovery and correction of all physical defects, 
and the relief of as much symptomatology as possible. 

Again, it is not only advisable, but absolutely essential to have all of 
this down in writing to hand to the patient. He may understand the 
physician while the explanation is going on, but he cannot remember it. 
Before he gets home it will have fled his memory, and his own old prej- 
udices and the gratuitous advice of his friends will regain ascendency. 

3: The patient must be made to understand with absolute clearness 
that his condition has reduced his capacity. His recovery can come 
only at the price of an adjustment to his reduced capacity. He must rea- 
lize that he is confronted by the necessity of learning to remain within its 
limits. This necessitates sacrifices of activity, which is a severe penalty 
in these modern, strenuous days. 

4: The utmost effort ought to be made, by a careful study of the 
patient’s past history and present situation, to determine the precipitat- 
ing factor responsible for the onset of the patient’s present condition. 
When this can be found, its correction is the priacipal step toward recov- 
ery. I have in mind such examples as the following: A telephone line-fore- 
man accustomed to comfortable work out of doors promoted to a high- 
pressure office job; a young woman comfortably reared and schooled, 
suddenly stepping into the hard work, heavy responsibilities, and the 
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intense strain as the wife of a young professional man and soon becoming 
the mother of several children; a young man who had been reading 
McFadden magazines and exercising strenuously for six hours a day, 
omitting proteins from his diet, and living principally on bran and spin- 
ach; schoolgirls who omit breakfast and live on candy-bars; women who 
play bridge all night and drink coffee all day to stay awake; frail, slightly- 
built men trying to hold down jobs as locomotive firemen and _ boiler- 
makers. In many such cases, the correction of this precipitating factor 
is almost the only thing needed for a cure. In other cases, precipitating 
causes are found which are beyond therapeutic control, such as an attack 
of influenza or an athletic breakdown or the too severe stresses of mater- 
nity. Yet,even in such cases it is necessary for the physician to search for 
and understand these causes. 

5: It is absolutely essential to secure the patient’s thorough and willing 
coéperation. The regimen is long and difficult and discouraging. No 
patient will carry it out efficiently merely on being directed to do so. 
Unless he can understand the reason for every step, unless he is enthusias- 
tic about it, and heartily in accord with it, he will pursue it half-heartedly 
and without benefit. This is where the doctor’s personality comes in. 
Some men can influence the behavior of people better than others. 
However, this influence is not “a vague, mysterious something;”’ it can be 
analyzed into definite elements, quite capable of being put into practice 
by anyone who studies them. Here are some of them: 

a: A thorough understanding on the part of the patient of what he is 
expected to do and why it must be done is essential to his codperation. 
The doctor must explain to him in detail and in simple language, and 
hand to him in writing, the reasons for every step, and indicate the con- 
sequences of neglecting it. 

b: The patient must be impressed with the doctor’s understanding 
and knowledge of the subject. There is only one way for the doctor to 
make this impression effectively, and that is actually to know the subject 
thoroughly. He must always be ready with genuine answers to ques- 
tions, full explanations to all inquiries, and real assistance in difficult 
places; he must be ready to hand over to the patient all the existing 
scientific knowledge on the subject, rendered into such simple language 
that the patient can understand it. 

c: A constant check must be kept on the patient, by means of peri- 
odic visits, examinations, and follow-up questions. The doctor should 
keep the patient posted on his progress, point out to him what items of 
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the regimen have helped him improve, and explain causes of failure to 
improve and of relapses (as far as this is reasonably possible). Above all, 
it is necessary to emphasize to the patient constantly that it is his own 
efforts that are causing his improvement, and that everything depends 
on himself. The keeping of careful and accurate records is indispensable, 
so that the patient may look back over them, follow his own progress, and 
work out the results of his own efforts. 

6: About half the battle lies in keeping up the patient’s morale. If one 
recollects the conscious efforts made to keep up the collective morale 
of the nation during the recent war, one can readily grasp the importance 
of maintaining the individual courage, determination, and hope of the 
patient who is fighting his war single-handed. Analyzed into its compo- 
nent elements, the effort to maintain morale involves the following re- 
quirements: 

a: The patient must be made to believe that it is possible for him 
to get well. This can be achieved only by explaining to him his disease 
and its treatment on a scientific basis, and doing so in terms and analogies 
readily intelligible to a layman; and doing this repeatedly, for it cannot be 
expected that the discouraged patient, subjected to the advice of 
thoughtless and ignorant friends for more time than he is under the 
doctor’s influence, will retain and act upon a single explanation for a very 
long period. 

b: It is necessary that the desire to get well be aroused and main- 
tained in the patient. The apocryphal optimism of the tuberculosis 
patient is sometimes found in practice, but quite as frequently we find 
people who have been semi-invalided for years, who have been accus- 
tomed to being in defective physical condition for so long that they have 
no conception of what it is to feel well and experience no desire to im- 
prove. It is difficult, but it is possible, to point out to such a patient just 
what his handicaps and disadvantages are, to create in his mind a con- 
ception of the condition of normal health, and its benefits to himself. 
This is the most favorable basis of a desire to get well, though emphasis 
on the dangers of the pathological process resulting from neglect ought 
not be omitted. 

c: The patient must understand thoroughly how he can get well. 
A long period of unknown restraints and difficult tasks ahead of him will 
terrify the patient and he will remain passive. But if his year or two of 
treatment is a consistent plan, with definite stages of effort leading one 
to the other, and a clear reason for each, he will become interested, and 
will enter enthusiastically into the spirit of it. 
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d: The problem of morale furnishes an additional reason for checking 
up the patient frequently and keeping full and accurate records. There 
is no encouragement equal to the satisfaction derived from accomplished 
improvement. Written records of weight, temperature, pulse-rate, appe- 
tite, and various symptoms, for comparison from time to time, leave no 
room in the patient’s mind for misgivings that he is merely being cheered 
up for encouragement. If he can see that he is really succeeding, both 
the psychic and physical results will be of immense value in further im- 
provement. 

e: The physician’s personality is, of course, an essential factor in 
maintaining the patient’s morale. A keen personal interest in the 
patient, an earnest manner in dealing with the serious sides of the matter, 
a cheerful optimism in every possible place where optimism is possible, 
an attitude of assurance that can result only from a thorough knowledge 
of the subject, are all of more importance in the treatment than the kind 
of drugs the patient takes. 

f: One of the most difficult as well as the most necessary tasks of the 
man who treats these cases is to convince the patient that the treatment 
is going to require a long time. Cases in which the time required for a 
cure is measured in months rather than in years are in the minority. No 
one can tell ahead of time exactly how long treatment will take. Unless 
it is made clear to the patient beforehand that he must persevere through- 
out the long, gruelling period, he is almost sure to drop out by the way- 
side. In that case, when he later resumes treatment as an advanced case, 
possibly after having been treated on a half-dozen incorrect diagnoses in 
the meantime, the task will be still more difficult, the time still longer, 
and the outlook markedly less cheerful. 


There are about three groups of pitfalls that are responsible for patients’ 
discontinuing treatment. One is the advice of friends. The general 
public may understand appendicitis and pneumonia, but it has a poor 
conception of chronic, low-grade tuberculosis. The slow response to 
treatment and the vast variety of distressing symptoms puzzle people. 
The patient’s friends are full of suggestions as to what sorts of operations 
and stomach specialists and fad diets and miraculous healers he ought to 
have. The patient, distracted by his symptoms and torn by the diverse 
opinions of his good friends, is not to be wondered at if he behaves illogi- 
cally. 

The physician must anticipate this and prepare the patient for it, and 
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keep a constant guard over it himself. It is not merely a matter of hold- 
ing the patient for financial reasons; it is a question of the moral duty 
of seeing that a sick man gets proper service. On an impersonal examina- 
tion of the situation, one must admit that correct treatment for the 
“early” case is at the present day not widely available. 

Another danger point comes to the patients who, previous to beginning 
treatment, had been forcing themselves to continue an intense pace of 
activity in spite of their symptoms and their diminished capacity. 
Their reserve is very low, but they feel a nervous urge to keep moving. 
Theirs is the restlessness of unstable equilibrium due to depleted strength. 
The pathological drive of the undernourished individual may be difficult 
to explain, but it is certainly a matter of common observation. After 
such a patient has been under treatment for a few weeks, and has begun 
to get into the discipline of restricted activity and learned how to relax 
and rest, he begins to feel how far gone his strength really is, behind the 
false front of nervous restlessness. He now experiences no desire to move 
at all. Fatigue has begun to assert itself in a natural way; the forced 
drive has been taken off, and the patient feels only like resting and 
remaining quiet. Many of these patients become alarmed because “so 
much rest is making them weak.” Though this may seem a ridiculous 
thing to a medical man, I have seen many patients who were genuinely 
convinced that the rest was doing them harm, because it made them feel 
less inclined to activity; and I have seen not a few who could not be 
convinced of the true state of affairs, and who discontinued treatment and 
took up some “system” of exercise. 

The only defense against this reaction is to anticipate it, and explain 
to the patient what is coming; to impress on him that Nature has been 
given an opportunity to assert a natural need for rest, and that, when 
the time comes and the need for rest has passed, he will feel so active and 
energetic that it will not be possible to keep him down. 

Third, the physician must not let himself be deceived into thinking 
that relief of symptoms on institution of treatment, or a remission such as 
frequently occurs without cause, is a cure. In some cases, healing and 
arrest are surprisingly rapid, but it is the most difficult thing in the world 
to be sure that they have really occurred. The safest plan is to be 
consistently sceptical, and to try out the patient’s capacity so gradually 
that there is no danger of producing relapse by premature resumption of 
activity. The only safe criterion of cure or healing is a permanent re- 
turn of capacity to normal. To make sure that this has occurred requires 
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time. By capacity is meant the ability to indulge in activity or endure 
stress without symptoms. 

In other words, the patient is not cured as soon as his symptoms are 
relieved and his physical findings have become normal. After the 
patient has been brought to this stage, therapeutic efforts must be con- 
tinued for the purpose of keeping him there. Only after he has main- 
tained the normal condition uninterruptedly for several years can he be 
considered safe. 

As has been said, there are no two cases quite alike, and each case is an 
individual therapeutic problem in itself. In fact, the indications in the 
individual case may be so contradictory that treatment is a compromise; 
as, for instance, in the cases that need food but are made ill by taking it, 
or cases that need rest, but become hopelessly depressed or rebellious on 
restraint. However, we find the “early” cases falling into three general 
types: 

1: The thin and undernourished, weak and asthenic type, which pro- 
gresses favorably under rest and nutrition, the latter being the principal 
problem in this type of case. 

2: The fat, well-nourished patient, who is weak, febrile and toxic. He 
is hard to convince that he has tuberculosis, and nutrition is not the 
principal problem. His manifestations are often largely allergic, and 
many of these people improve quite satisfactorily under tuberculin 
treatment. 

3: The patient, either thin or well-nourished, with severe reflex symp- 
toms. Abdominal pains, gastrointestinal symptoms of various kinds, 
cardiac and pelvic symptoms, reflex cough and asthma, chest pains, and 
even disturbances of the eye, ear and throat, make life miserable for him, 
and are discouragingly difficult to relieve. Sedatives of the non-narcotic 
type for temporary relief and reduction of stress, and long periods of rest 
are the chief method of treatment. Sedatives of three types are useful, 
either separately or combined: the antispasmodic type, like atropine or 
the benzyl derivatives; the analgesic type, like aspirin or pyramidon; 
and the hypnotic type, like barbital and its related substances. This is 
the most discouraging and difficult type of case to treat. 


There ought to be in this discussion some comment on the commonly 
used elements of the treatment of tuberculosis as they apply specifically 


to the treatment of the “early” case: 
Rest: As the patient is not in a sanatorium or under the care of a 


TREATMENT OF “EARLY” CASE 67 


nurse, directions for rest must be specific and accurate. It is absolutely 
essential that they be written, and that they designate exact hours for 
rest, and just what is signified by rest. Some patients have the idea 
that they are resting when they are not at work, yet expending quite as 
much energy at useless activity. It must be down in plain words that 
rest means lying down in bed with no occupation. 

The amount and degree of rest needs careful consideration. ‘Putting 
the patient to bed” has become a sort of routine formula; doctors pre- 
scribe it automatically in cases that have been labelled “tuberculosis.” 
I have seen cases “‘put to bed” in that manner and made worse. If the 
physical condition demands that a patient be put to bed, it has to be 
done. But not all cases need it. A patient needlessly confined to bed 
will either become so depressed and discouraged that he will make no 
progress, or he will throw off the treatment and go back to work. Many 
cases can be treated right on their jobs, with only moderate interference 
with their work. The relationship between the present condition and 
the past history determine how much and what degree of rest are re- 
quired. Restisarelativeterm. The essence of its meaning is a decrease 
in stress; and the word “stress” includes work, visiting, parties, bridge, 
dancing, staying up late, company, care of children, pleasing a cranky 
employer, football games, the advice of neighbors, “keeping up with the 
Joneses,” playing the stock market, infected tonsils, haemorrhoids, 
hernias, flat feet, and everything that is capable of being a bother. 
Only a careful following up of the case will tell whether the original pre- 
scription is adequate. 

Nutrition: Undernourished patients must gain weight, and this can be 
accomplished only by rest and food. We note learned controversies in the 
literature as to whether feeding between meals is desirable in tuberculosis. 
If a patient can take an adequate total 24-hour amount of food in three 
meals per day, there is no object in feeding him oftener. There are many 
that cannot do that. It is common‘to find patients who cannot eat more 
than a few bites at a time, and yet who require a large quantity of food. 
The only solution to the problem is frequent feeding in small amounts. 

I doubt if any patient can hope to improve on less than about 2,000 
calories per day,—even the well-nourished ones. Severe undernutrition, 
fever, and physical activity require higher amounts. The quantity of 
food and the number of calories are not the only consideration. The 
character of the food is quite as important. Forced feeding with inade- 
quate variety, or with selection that fails to supply sufficient balance of 
proteins, vitamines, or minerals, will fail to benefit the patient. 
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The Munich diet, which attracted attention for a while, served to 
emphasize one new point,—the usefulness of a low-salt diet. Modern 
civilized diet contains far too much sodium chloride. According to 
Ostwald’s law of the mass action of the concentration of ionized salts 
in a chemical reaction, an excess of one salt, such as sodium chloride, 
will decrease the effective concentrations of the other salts, such as those 
of calcium, potassium, magnesium, etc., to the point of actual deficiency. 
The use of potassium bromide in a photographic developer to depress 
the concentration of ionized silver bromide and thus reduce the speed of 
development is the best known example in point. Calcium is especially 
necessary to recovery in tuberculosis cases; and there may actually be a 
calcium deficiency for no other reason than excessive indulgence in sodium 
chloride. For a priori reasons, I cannot help considering the restriction 
of sodium chloride a tremendously important nutritional factor in this 
treatment. 

Light: More and more, men who are handling tuberculosis are coming 
to the opinion that light is an essential therapeutic and prophylactic in- 
fluence. Whether it be merely the ultraviolet component that is im- 
portant, or whether other wave-lengths are also essential, is not possible 
to discuss here. However, in the present state of our knowledge of the 
subject, it is advisable, when possible, to secure for the patient the full 
solar spectrum in preference to any limited portion of it. Graduated 
exposures for the full body surface are ideal. However, if sunlight is not 
available, the light from the mercury or carbon-arc is of undoubted 
benefit. 

With civilized methods of dressing and housing, the modern human 
being does not get an adequate supply of light on the body surface. 
With the demonstrated connection between actinic light and vitamine A, 
and the influence of vitamine-A deficiency in predisposing to respiratory 
disease, it is not a far-fetched expectation to look for beneficial effects in 
tuberculosis from phototherapy. But, results must not be expected too 
soon. Phototherapy is no quick-acting measure. It takes months of 
long and persistent treatment to exert the desired influence on the 
patient’s metabolism. 

Tuberculin: It seems logical to expect benefit from tuberculin treat- 
ment only in those cases that are suffering principally from the allergic 
phases of the disease. While it is not always possible to define these 
clearly on their clinical aspects, yet it is safe to follow the generalization 
that allergy is responsible for inflammatory manifestations, and that 
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desensitization with tuberculin will be of assistance in treating such symp- 
toms as have an active inflammatory basis. On the other hand, opinion 
seems to be crystallizing that no help can be expected from tuberculin in 
increasing immunity or specific resistance to the tubercle bacillus; nor 
can help be expected from tuberculin in relieving reflex symptoms not 
connected with active inflammation, nor in the nutritional phases of the 
disease. 

On the other hand, if administered intelligently, by one experienced in 
its use, tuberculin will do no harm. Although theoretically it is adapt- 
able only to a selected group of cases, in practice it is not always possible 
to make the selection accurately; and it is quite justifiable to try tuber- 
culin, with proper technique, on any case, with the reservation that too 
much must not be expected of it. 

Fresh Air and Deep Breathing: Precisely what constitutes the 
“freshness” of “fresh” air, and exactly what is its value in the treatment 
of tuberculosis, is a subject about which there seems to be little or no 
accurate knowledge. However, the fact that it is of definite value has 
been quite conclusively demonstrated. If “fresh” air is of benefit, it is 
difficult to see how it can exert this beneficial influence in any way except 
by coming in contact with the patient’s body, internally and externally. 
Merely to have the “fresh” air around his clothing and bedclothes cannot 
possibly be of much assistance. 

That air, especially “fresh” air, has a beneficial effect by virtue of its 
stimulating action on the exterior surface of the skin, cannot help impress- 
ing anyone who thinks about the matter or does any work with it. The 
skin is an organ whose function is to react to external tactile stimuli; 
among civilized people, who wear a heavy protective layer of clothing 
day and night, this function is atrophied, and its reaction on body 
function is absent. Exposure of the entire skin surface to open air, as well 
as to light, has undoubtedly the effect of stimulating general somatic 
anabolism and promoting elimination; both a priori considerations and 
actual experience with patients convince me that it is an important nutri- 
tional factor that ought not be neglected in the treatment of tuberculosis. 

A second respect in which “fresh” air is of benefit is its biochemical 
operation within the body on being taken into the lungs. The oxygen, 
carbon-dioxide, moisture, temperature, and possibly other hitherto 
unknown factors, reacting, in sufficient quantity, with the blood through 
the pulmonary epithelium, are probably the essential consideration. 
Therefore, merely shoving the patient out into “fresh air” isnot adequate. 


HE 
4 
4) 
4 
| 
Seg 
eg 
4 
$4 
‘ 
Re 


70 MILES J. BREUER 


The air must find its way down into his lungs in sufficient quantity. All 
of these cases are shallow breathers. It is an interesting question, not 
yet conclusively answered, whether shallow breathing plays an impor- 
tant part in the aetiology; on the other hand, there is at hand plenty of 
evidence to show that shallow breathing is largely a result of the pulmo- 
nary lesions. In any case, the patient is not getting enough “fresh” air 
down into his lungs, even though he may live out of doors. 

Third, there is the effect of pulmonary movement on the blood-supply 
to the affected area, and the great importance of the respiratory excursion 
of the diaphragm on the abdominal circulation and consequently on the 
general physical condition of the patient. These functions are depressed 
by the shallow breathing of the early case. 

All of these considerations suggest that forced or conscious deep breath- 
ing on the part of the patient plays a very important part in the treat- 
ment; and experience bears this out conclusively. Exercises in deep 
breathing, consisting of a prescribed number of deep breaths at stated 
periods during the day, ought to be part of the therapeutic regimen, with 
the patient’s attention directed voluntarily to the movements of the 
muscles of the upper thorax, the lower thorax, and the abdominal wall. 

Most early cases tolerate considerable pulmonary exercise of this sort 
quite satisfactorily, whereas advanced cases frequently donot. The in- 
creased pulmonary circulation consequent upon the thoracic movement 
results in a distribution of larger quantities of tuberculoprotein from the 
lesion throughout the patient’s body, and produce the same effect as 
does the injection of tuberculin with a needle. As a matter of fact, there 
are cases in which the tuberculin treatment may be carried out quite as 
effectively by means of pulmonary exercise as with a needle and syringe. 

Therefore, in prescribing pulmonary exercise, the treatment must be 
begun cautiously and continued only under careful supervision. Only 
after it is certain that deep breathing over weeks of time does not produce 
excessive allergic reactions, with temperature, tachycardia, malaise, ano- 
rexia, etc., is it safe to permit the patient to go ahead with it on his own 
initiative. 


Recovery is possible in a large proportion of these “early” cases. The 
outlook for a cure depends not only on the patient’s pathological involve- 
ment, but on his mental equipment and on his economic resources; and, 
needless to say, on the special aptitude of the physician for treating this 
type of case. Patients must be treated as individual human problems, 
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and not as “cases” of tuberculosis; the working out of the personal or 
human side of each case is quite as essential to recovery as 1s the medical 
side. In the present state of our knowledge, it would seem best never to 
discharge a case as cured, but to make the patient feel that he must re- 
main indefinitely under observation, and under the obligation of main- 
taining a constant effort to keep up the adjustment between his capacity 
and his environment. 
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TUBERCULOSIS OF THE FEMALE PELVIS 
EDWIN M. JAMESON! 


Involvement of the genital organs ranks fifth among the complications 
to which the woman suffering from pulmonary tuberculosis is liable. 
The usual incidence is put at 7.7 per cent by Berkeley and others, al- 
though Freriche, Turner and Stopher (1) reported a series in which 12 to 
20 per cent of their women with pulmonary tuberculosis had tuberculous 
pelvic lesions. It is evident from these figures that the possibility of their 
occurrence should be constantly borne in mind by the physician who is 
called upon to treat pulmonary tuberculosis. 

In a large number of consecutive postmortem examinations of women 
dead of all causes in a general hospital, pelvic tuberculosis was found in 
1 per cent, while on Norris’s service at the University of Pennsylvania 7.7 
per cent of all cases of pyosalpinx coming to operation were found to be 
tuberculous (2). Other observers have noted 3 to 10 per cent. Lenor- 
mant (3) found tuberculosis in 3 per cent of his laparotomies for gynaeco- 
logical troubles. Farr and Findlay (4) found an incidence of 4.7 per cent 
in a recent analysis of 545 cases of salpingitis. On the other hand, Green- 
berg (5) reported a series of cases in which he noted that 31 per cent of his 
patients with tuberculous pelvic disease had demonstrable pulmonary 
lesions. 

In discussions of the frequency of pelvic tuberculosis in women suffering 
from pulmonary tuberculosis it is interesting to note the impression 
among workers in tuberculosis that renal and pelvic lesions are seen 
much less frequently among patients suffering from active pulmonary 
tuberculosis than in general hospital work. Of the last 104 autopsies on 
patients dead of tuberculosis in Saranac Lake there were 38 women. Of 
this number not a single case showed gross evidence of pelvic tuberculo- 
sis. Routine microscopical examinations of the pelvic organs were not 
made. On the other hand, in the last 24 salpingectomies done at the 
Saranac Lake General Hospital for all causes 7 showed tuberculosis. 

While tuberculosis may affect any part of the female generative tract— 
Skene’s tubules in the urethra, Bartholin’s glands, the vagina, cervix, 

1 Saranac Lake, New York. 
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corpus uteri and the adnexae—lesions in all but the last two are so infre- 
quent as to be almost gynaecological curiosities. Norris, whose recent 
figures correspond closely with Williams’s original observations (5), notes 
a distribution as follows: 90 per cent in the Fallopian tubes, 50 per cent 
in the corporeal endometrium, 40 per cent in the ovaries (of which 35 per 
cent were periodphoritis and 5 per cent odphoritis or the so called ovarian 
abscesses), 2 per cent in the cervix, 2 per cent in the vagina, and 1 to 2 per 
cent in the external genitalia. 

The age at which these lesions occur is noteworthy because it seems to 
bear out a theory of the mode of infection that will be mentioned later. 
Grange at St. George’s Hospital in Hamburg (1) found that 20 per cent 
of his patients with tuberculosis of the genital tract coming to necropsy 
were less than 15 years of age. According to Schlimpert (6), whose 
figures have been quoted widely, 32.9 per cent occur between the ages of 
21 and 30, 17.8 per cent between 31 and 40, and 17.8 per cent between 41 
and 50. Greenberg found that 73.5 per cent of his cases were in the third 
and fourth decades of life. The average age of Farr and Findlay’s 
tuberculous cases was 26 years (4). In other words, tuberculous pelvic 
disease occurs most frequently during the active period of menstrual life 
and well within the age limits at which pulmonary tuberculosis takes its 
greatest toll. 

It is customary to regard all cases of tuberculosis of the pelvis as 
secondary to a nidus of the disease elsewhere, although a few undoubted 
primary cases have been reported. It has been shown that large numbers 
of virulent tubercle bacilli can be placed in a rabbit’s vagina without pro- 
ducing tuberculosis. According to Norris (2), if the number of “takes” 
is increased by excoriating the vaginal mucosa or by the preliminary pro- 
duction of a chemical or bacterial vaginitis, the resulting lesions are usu- 
ally at a distance and he regards the route of infection as being through 
the lymphatics. Englehorn, quoted by Tendeloo (7), introduced cocoa- 
butter impregnated with carmine into his rabbits’ vaginas and found color 
in the uterus in 11 of 17 rabbitsso treated. Jung (7) also was able to pro- 
duce ascending infection in 5 of his 33 animals. 

However this may be, the usual routes of infection of the ovaries, 
tubes, and uterus are three in number: (1) by way of the blood-stream, 
(2) from an infected peritoneum or abdominal lymph node by continuity, 
or (3) by contiguity from an adjacent intestinal lesion. The latter is 
probably more common than is usually recognized. Both tubes are usu- 
ally infected although it may be impossible to diagnose preoperatively 
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and even at operation the presence of the disease in one tube when the 
other shows extensive involvement. 

Factors predisposing to the lodgment and subsequent development of 
tuberculosis in the tubes are (1) faulty development or hypoplasia of the 
organs, (2) a preliminary inflammation, either gonorrhoeal or puerperal, 
and (3) the puerperal state itself. Merletti, quoted by Murphy and 
Faulkner (8), found an incidence of 16 per cent hypoplastic and bifid 
uteri in 500 autopsies on tuberculous women and 150, that is, 30 per cent 
of these, had genital lesions. 

A study of the anatomy of the uterus and adnexae of a young girl 
will disclose a narrowing of the tube at the isthmus and the convolutions 
which interferes with proper drainage. Amann (8) suggests that the 
point of anastomosis between the uterine and ovarian arteries offers a 
favorable locus for the lodgment of tubercle bacilli, and he believes that 
infection begins there. Anspach (1) claims that the ampulla is usually 
most extensively involved. Probably both are right, depending upon the 
route of infection. 

In either event, in beginning tuberculosis of the tubes the mucosa is 
infected first with the development of typical tubercles. Later the 
muscular and serous coats become involved. In all cases there is a 
marked tendency for the abdominal ostia of the tubes to remain open and 
for adhesions to occur comparatively late. Anspach and Norris regard 
this point as being of diagnostic significance. 

In progressive cases the tubercles then coalesce, and go on to caseation 
and occasionally calcification. Many huge tuberculous pyosalpinges 
have been reported, the contents consisting of the somewhat fluid, green- 
ish-white suppurative material common to tuberculous abscesses else- 
where. 

The so called salpingitis isthmica nodosa is rather common in early 
tubal tuberculosis but is also seen in tubal inflammations of other 
aetiology. 

Tendeloo denies the occurrence of primary tuberculosis of the ovaries, 
although cases are frequently seen with tubal disease and are probably 
secondary to it. Von Franqué (7) described a tuberculous ovary the size 
of a hen’s egg which was diagnosed sarcoma until sections were studied. 
Tuberculosis has been found not infrequently in cystic ovarian tumors. 

From a study of 14 ovaries removed for tuberculosis, Cohn (9) con- 
cludes that it is impossible to distinguish between the miliary and caseous 
forms, as both varieties may be present in the same gland. He claims 
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that the superficial layers of the ovary prevent the extension of tubercu- 
lous perioéphoritis into the interior of the organ by the resistance of the 
thickened tunica albuginea. Small openings in the surface of the ovary, 
such as the sites of ruptured graafian follicles, offer an opportunity for 
invasion by the tubercle bacilli from the peritoneum or tubes, and Cohn 
thinks that tuberculous lesions of the corpus luteum arise from this source 
rather than from a haematogenous infection. He did not find large unrup- 
tured follicles infected. Cohn also thinks that tuberculosis may involve 
the ovary from an infected tube by way of the lymphatics at the hilum of 
the gland. 

The corporeal endometrium is involved in about half the cases of 
tuberculous salpingitis and is probably the result of extension from the 
tubes. The tubercles are irregular in their distribution but are most fre- 
quently found in the vicinity of the internal ostia. On section the tuber- 
cles are found to be located predominantly under the superficial epithe- 
lium and in the periglandular structures, although they also occur at 
some distance from the epithelium. 

Tuberculosis of the cervix is seen very infrequently and the 2 per cent 
incidence given above seems almost too high. According to Merletti (10) 
the disease may be miliary, catarrhal or ulcerative. Moore, quoted by 
Douglass and Ridlon, in 1919 (11) found 20 cases of primary and 150 cases 
of secondary tuberculosis of the cervix reported in the literature. Eden, 
Lockyer and Williams, (11) found one case in 600 patients with pulmo- 
nary tuberculosis. Douglass and Ridlon reported two of their own cases of 
cervical tuberculosis (one of which was primary) and gave a full discussion 
of the subject. They classified the disease anatomically as miliary, inter- 
stitial, papillary and ulcerative, and noted that the early lesions are usu- 
ally hypertrophic, proliferative, or vegetative in type. 


DIAGNOSIS 


At the outset of a discussion of the symptomatology of tuberculosis of 
the female pelvis one is compelled to admit that there is no syndrome of 
symptoms by which tuberculous pelvic disease can be distinguished from 
any other inflammatory variety. In Williams’s series of cases 75 per cent 
were unsuspected, and in the series at the University of Pennsylvania 
they were able to diagnose the true nature of the condition preoperatively 
or macroscopically in only 25 per cent, while 50 per cent were suspected 
and 25 per cent entirely unsuspected prior to microscopical examination 
of the tissue removed. 
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It may be of value to list some of the symptoms and signs of chronic 
pelvic inflammatory disease and then note certain rules-of-thumb useful 
in arriving at a diagnosis of tuberculosis. 

Lower abdominal pain, which, in tuberculous cases, is usually bilateral 
and characterized by an insidious onset and a course marked by moderate 
exacerbations and remissions. A history of pain, I believe, has been 
overemphasized in tuberculous cases and is frequently brought out only on 
close questioning. 

Disturbances of menstruation include amenorrhoea and scanty, painful, 
or irregular menses which may precede, according to Norris, the onset of 
pelvic symptoms, as well as the menorrhagias and metrorrhagias often 
seen in gonorrhoeal pelvic inflammatory disease. But amenorrhoea is so 
common in pulmonary tuberculosis that its value as a symptom of pelvic 
disease is greatly decreased, although Rubin (12) notes that amenorrhoea 
in women suffering from pulmonary tuberculosis may be the only symp- 
tom of a coexisting genital tuberculosis. 

Leucorrhoea is very common, and Murphy stated years ago that it 
occurs in every case with tuberculous involvement of the uterus. Skene 
(13), in his text-book published some fifty years ago, commented on the 
peculiar glairy mucoid character of the discharge. It is exceptional to 
find tubercle bacilli in these secretions. 

Tenderness of the tubes and ovaries is more constant than lower abdom- 
inal pain and is probably due to tension on the peritoneum. It can 
always be elicited vaginally and occasionally by abdominal palpation. 

Tubal masses are found in the majority of cases of pelvic tuberculosis 
with involvement of the oviducts although Farr and Findlay (4) found 
masses in only 37.9 per cent of their 545 cases of salpingitis of mixed 
aetiology. 

Leucocytosis may occur in tuberculous pelvic disease. In Farr and 
Findlay’s series of tuberculous cases the highest count was 23,000 and the 
lowest 6,000. The average was 12,580, with an average polymorphonu- 
clear count of 78.7 per cent. 

The red blood cell sedimentation rate is increased in tuberculosis of the 
pelvic organs but, as this finding is also positive in pulmonary tubercu- 
losis and a number of other conditions, it must be interpreted with care. 

In cases suggesting endometrial involvement with tenderness of the 
uterus and persistent leucorrhoea, a curettage with microscopical examina- 
tion of the tissue removed and guinea-pig inoculation or culture on 
Petroff’s media is advisable. 
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Lesions of the cervix are usually diagnosed only by biopsy and exami- 
nation of the specimen. Gross tuberculosis of the cervix may easily be 
mistaken for carcinoma. Lenormant comments on the bright red cauli- 
flower growths he has seen. 

It is unnecessary to mention the general signs and symptoms of tuber- 
culosis which are well known and occur in pelvic tuberculosis as in lesions 
of other organs. 

As a general rule, signs or symptoms of pelvic inflammatory disease in 
any woman showing evidence of tuberculosis elsewhere should be re- 
garded with suspicion. If there has been no history of gonorrhoea or 
puerperal infection, it would seem that the burden of proof must rest upon 
him who maintains that it is not tuberculous. In some few cases there 
will be a history of a previous generalized tuberculous peritonitis which is 
usually of the ascitic variety. 

It is customary to regard salpingitis in the virgin as tuberculous unless, 
perhaps, there has been a previous gonorrhoeal vulvovaginitis. 

Faulkner (8) states that any pelvic cellulitis with fixation of all the pel- 
vic organs, not of definite puerperal origin, which does not begin to clear 
up within a reasonable time on medical treatment, may be tuberculous. 

Norris reminds us that, in gonorrhoeal salpingitis, endometritis and 
cervicitis precede the tubal disease, whereas in tuberculosis the reverse 
tends to hold true and examination will show a normal lower genital tract. 

Heinsius of Leipzig (14) suggests percussion over the more or less tense 
parts of the abdomen. When percussing lightly, he says, one hears a note 
similar to that heard over a tumor. Pressure with the pleximeter fol- 
lowed by percussion gives a tympanitic sound. The reverse may also 
hold. Heinsius thinks that this phenomenon is caused by a thickening of 
the peritoneum, small collections of fluid, and the formation of cavities. 

However this may be, the condition will be diagnosed most frequently 
when it is oftenest borne in mind. It does not seem consistent to diag- 
nose and treat a tuberculous enteritis and totally disregard a focus of the 
disease in the adjacent oviducts or ovaries. The thought to be empha- 
sized is that no abdominal examination of a woman can be regarded as 
complete until a careful and thorough pelvic examination has been made, 
any more than a chest examination is complete without an estimation of 
the condition of the heart and an inspection of the larynx. 


TREATMENT 


The pendulum of treatment of these cases is fortunately swinging back 
from the more radical surgical measures to conservatism. This is ac- 
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counted for, I believe, by the difficulties encountered at operation and 
by the high mortality with which operative procedures are attended. It 
is an old maxim in surgery that the unexpected sits at the elbow of him 
who operates for abdominal tuberculosis. And of most importance to 
the physician who is treating cases with active pulmonary lesions is the 
fact that surgery is out of the question in many cases even with the 
improved methods of local and spinal anaesthesia. 

With a mortality in the advanced cases with adhesions of 10 to 15 per 
cent, according to Schumacher (15), and frequent postoperative miliary 
tuberculosis and fistula-formation in the cases that survive operation, it is 
small wonder that as early as 1911 Kolischer (16) laid down the dictum 
that surgery should be restricted to cases with the most urgent indica- 
tions,—that is, the surgical necessities. He laid great stress on the gen- 
eral treatment combined with the judicious use of tuberculin. 

In 1908 Bircher (17) suggested X-ray radiation of these cases and 
outlined the indications. He grouped under those cases to be treated 
primarily with the roentgen rays (1) cases with adhesive or plastic peri- 
toneal tuberculosis in which operation offers little help; (2) cases with 
cachexia in which operation is contraindicated; (3) cases that refuse 
operation; and (4) slight and benign cases. Under cases to be treated 
secondarily with radiation, he grouped (1) all cases in which there ac- 
cumulate postoperative exudates which do not disappear within 14 days 
and (2) all cases in which a relapse occurs after operation. 

Polak radiated a woman for metrorrhagia in 1918 (18) and, after 
producing a temporary amenorrhoea for a few months, was surprised to 
find that the exudate and adhesions of a coexisting pelvic inflammatory 
process had “‘simply melted away.”’ He treated similar cases in 1920 and 
1921, but it was not until Naujoks (19) had published his article in 1924 
on temporary sterilization of women suffering from pulmonary tubercu- 
losis and Guthman and Bott (20) in 1926 reported on their results in the 
treatment of adnexitis and parametritis by temporary sterilization that 
he began an active study of the use of the roentgen rays in this condition. 

Siedamgrotzky (25) studied the problem and concluded that any 
therapeutic use the X-rays might have in tuberculous pelvic disease was 
through the stimulation of fibrous connective tissue rather than by a 
bactericidal action. 

Martius (26), Cassidy (27), and Uter (28) all tried X-rays and were 
impressed with the favorable results secured in their cases. 

In 1927 Ford (21) at the Mayo Clinic reported a series of cases of peri- 
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toneal and pelvic tuberculosis treated with X-ray radiation and followed 
for two to six years, with 66 per cent improvement. Her paper, however, 
attracted but little attention until 1928, when Schumacher (15) reported 
cure or marked improvement in 70 to 80 per cent of cases of proved tu- 
berculous pelvic disease by the use of small doses of X-ray radiation. 

But in spite of al] these data, most American gynaecologists continued 
to recommend immediate extirpation of the diseased organs. Norris, a 
conservative in the treatment of pelvic inflammations, qualified his 
recommendations for surgery with the reservation that existing condi- 
tions might contraindicate surgical intervention, and warned against 
operating in acute cases. His series at the University of Pennsylvania 
showed 50 per cent cured or improved under expectant treatment and 
72 per cent under operative treatment. 

All of these workers emphasized the value of the usual hygienic treat- 
ment of tuberculosis and Dretzka (22), Gauvain (23), and Norris spoke of 
the value of heliotherapy. 

Since the appearance of Schumacher’s paper there has been an increas- 
ing use of X-ray radiation. It may be of value to note his conclusions. 
He points out that no damage is produced by proper dosage; that the 
initial temperature rise quickly subsides; and that every case of un- 
doubted tuberculosis meets with more or less success. The only disad- 
vantage that he notes is the slowness with which results are obtained. 
Irregular and profuse bleeding, he says, is no argument for operation ver- 
sus X-ray. He warns against the use of radium, because, I imagine, of the 
danger of spreading the infection by the manipulations incident to its 
use. 

Regarding dosage, Schumacher advocates small doses repeated as 
necessary, and recommends radiation of the entire diseased part at one 
treatment with 10 to 30 per cent of a Holtzknecht erythema dose. This 
is best given over the entire abdomen, front and back, with a total of 15 
per cent erythema dose. Sterilization, with its unpleasant psychic 
effects, is thus avoided. 

If the diagnosis is in doubt, he does not hesitate to open the abdomen 
under local anaesthesia except in cases complicated with marked cachexia 
or peritoneal tuberculosis of the adhesive-plastic type. 

Last Spring Polak (18) reported to the American Gynaecological Society 
his results in the treatment of 34 cases of pelvic inflammatory disease by 
the production of a temporary amenorrhoea with X-rays. In every 
case, whether of gonorrhoeal, septic or tuberculous nature, he obtained 
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symptomatic relief, with disappearance of pathological exudates and 
adhesions. One of his patients later became pregnant. 

Since Polak’s report appeared, two more important papers on the sub- 
ject of the treatment of tuberculosis of the female pelvis have been 
published. C. H. Mayo (29) continues to advise the enucleation and 
removal of tuberculous tubes, because he feels that the majority of cases 
of peritoneal tuberculosis in women arise from infection of the fallopian 
tubes and that when such foci have been removed pulmonary lesions will 
heal more rapidly. He recognizes the danger of perforating the intestine 
when adhesions are separated and gives directions for repairing such tears. 

The other paper, by Seisser (30), reports on the results of treating 300 
patients with various kinds and stages of inflammation of the genitalia 
with small doses of X-ray radiation. Ina large number of cases, he says, 
operation is rendered unnecessary and complete clinical and anatomical 
healing can be secured. 

But in spite of all these reports on the value of roentgen radiation in 
tuberculous pelvic disease, there is still no unanimity of opinion among 
the American gynaecologists. Correspondence with several of them 
revealed the fact that almost any opinion could be obtained, ranging 


from the radicals, on the one hand, who operate as soon as the diagnosis 
is made, to the conservatives, on the other, who do not operate at all. 


SUMMARY 


From these observations we can say: 

1. Tuberculous pelvic disease occurs in about 8 per cent of women with 
pulmonary tuberculosis. 

2. The diagnosis can be made with a reasonable degree of certainty on 
the history, symptoms and findings on careful pelvic and abdominal 
examination. 

3. The roentgen rays seem to offer a feasible conservative method of 
treating tuberculous lesions of the uterus and adnexae in women with 
pulmonary tuberculosis. In cases too sick for even this method of 
treatment, conservative treatment with hot douches, baking, and general 
medical measures offers relief in a majority of cases. Surgery, we believe, 
should be restricted to those cases not relieved by other methods. 
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A CASE OF FIBRINOUS BRONCHITIS COMPLICATED BY 
MASSIVE ATELECTASIS! 


ROBERT N. PERLSTEIN 


In a recent number of THE AMERICAN REVIEW OF TUBERCULOSIS 
there appeared a masterly exposition of the present status of massive 
atelectasis of the lung (1), to which, we feel, very little can be added at 
this time. The statement, however, that in most cases no obstruction to 
the air-way could be found, coupled with another by Sante (2) that ‘‘in no 
available case was there evidence of bronchial obstruction,” supplies the 
main justification for the presentation of this case. After describing his 
5 cases, the author of the first-mentioned article, E. N. Packard, mentions 
a case he saw in consultation, in which, after a pulmonary haemorrhage, 
there occurred a massive collapse followed by complete clearing as a 
result of the coughing up of a blood-cast of a bronchus. He promised 
publication of this case by another author. In March, 1929, Wilson (3) 
published this case. Although the consensus of opinion among most of 
the writers concerned with the syndrome is that bronchial obstruction 
plays a dominant réle in its genesis, no such case as Wilson’s exists in the 
literature. The case which follows is one in which there was a well- 
marked massive atelectasis occasioned by a fibrinous bronchial cast, the 
expectoration of which caused spectacular relief and almost complete 
clinical recovery. Added interest attaches to it because of the under- 
lying chronic fibrinous bronchitis which is a syndrome of sufficient rarity 
to make its coexistence with massive atelectasis a very unusual incident, 
and which was responsible for the formation of the cast. 


Y. B. C., a Korean male, 54 years old, was admitted to the hospital from a 
plantation, with a diagnosis of far-advanced pulmonary tuberculosis. He said 
he had been feeling weak and losing weight for about a year and that after a 
gastrointestinal series it had been decided to operate upon him. An explora- 
tory laparotomy was done under local anaesthesia three months previous to his 
admission to this institution. Nothing was found and he remained in the 
hospital twenty-one days, after which he went home and rested there for a 
month. He now began to have paroxysmal cough without being able to bring 


1 From Leahi Home, Honolulu, Hawaii, Dr. A. N. Sinclair, Medical Director. 
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up any sputum and found he could rest best on his right side. When he began 
to manifest dyspnoea, chills and cyanosis, he was sent in to us with the diagno- 
sis mentioned above. On admission his condition was so bad that a thorough 
examination was not done. His temperature was 102°F., pulse 130 and respi- 
ration 28. He was quite dyspnoeic and cyanotic, and complained of severe pain 
in his right side, on which he chose to lie. Later examination revealed a flat 
percussion note over the entire right side with absent breath- and voice-sounds 
and displacement of the heart so that its apex was at the right nipple. An 
X-ray picture was taken and the patient returned to bed, when he coughed up 
some blood-streaked sputum in which a cast was found rolled up in a large ball 
of mucus. The patient immediately felt much better, his temperature went 
down to normal, his dyspnoea ceased and he was able to be up and about in a 
few days. Subsequent sputa for a few days following this event showed frag- 
ments of cast which were found to consist of strands of fibrin containing no cells 
and no bacilli, thus presenting a structure identical with that of the main cast. 
The physical signs two weeks after this event revealed markedly improved 
resonance over the right side of the chest, bronchovesicular breath-sounds with 
occasional coarse moist rales and increased propagation of voice-sounds. The 
heart apex had moved back almost to normal. The patient continued to 
cough but raised only mucoid sputum, in which, up to the present time, pieces of 
fibrin have not been found to occur. His temperature, pulse and respiration 
are practically normal and his general condition good. 

The roentgenograph taken shortly after admission (figure 1) shows uniform 
density over the entire right side, with displacement of the heart and trachea 
to that side and marked elevation of the diaphragm. Subsequent plates 
(figure 2) show more complete aeration of the right field with the diaphragm 
and trachea still displaced. Although repeated sputa have been negative, all 
the X-rays show suspicious markings in both upper lobes that point to the 
diagnosis of a probably inactive tuberculosis. 


In various places Landis (4) emphasizes the fact that the only pathog- 
nomonic sign of fibrinous or croupous bronchitis is the coughing up of a 
fibrinous bronchial cast. About 176 cases of the syndrome exist in the 
literature to date with no satisfactory explanation of its aetiology avail- 
able. In 1920 Schréder (5) reported 5 cases among 4,716 cases of pul- 
monary tuberculosis. The only attempt at an explanation of the phenom- 
enon is one by Engel (6), who described one case in which fibrinous 
exudate could be seen forming from the bronchial mucosa through the 
bronchoscope. He draws an analogy between the condition and mem- 
branous colitis and suggests a common pathology for both. 

Eighty-six or more cases of massive collapse have appeared in the litera- 
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Fic. 1 Fic. 2 


Fic. 1. APPEARANCE ON ADMISSION 


Almost complete opacity of entire right side with displacement of heart and trachea and 
pulling up of right diaphragm 


Fic. 2. APPEARANCE AFTER EXPECTORATION OF CAST 


Increased aeration of right side but considerable residual exudate; diaphragm and trachea 
still displaced. This plate was taken three weeks after the expectoration of the cast. 


Fic. 3. Cast OF SMALL BRONCHUS, ACTUAL SIZE 
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ture since the publication of the article by Packard (1), most of them 
being postoperative complications. The syndrome has been described 
following almost any type of surgery, including thoracoplasty (7). For 
new angles on the problem one must turn to the bronchoscopists. Lee, 
Tucker and Clerf (8) succeeded in inducing massive collapse in an experi- 
mental animal by introducing into a bronchus the mucus taken from a 
clinical case of this condition. More recently Coryllos and Birnbaum 
(9) published some interesting speculations on the probability of lobar 
pneumonia being an infectious, generally pneumococcic lobar atelectasis 
of the lung. Several cases of bilateral massive atelectasis have appeared 
(10); they appear to be only about 50 per cent fatal. 

We feel that this case helps to forge an important link in the aetiology 
of massive atelectasis and, with the one previously reported by Wilson, 
proves that bronchial occlusion is an actual cause of the condition and not 
merely a hypothetical one. It is probably far more common than the 
rarity of such reports in the literature would lead one to suppose. The 
fact that complete clearing did not occur in the affected lung may be 
explained by the theory put forward by Riebel (11), who says that the 
dense shadow cast by the roentgenograph on the affected side is caused 
by exudate and that it is the resorption of the latter that prevents the 
return of the diaphragm and mediastinum to their normal places. Sev- 
eral authors, it may be mentioned, have suggested massive atelectasis as 
the cause of most cases of dextrocardia found in tuberculosis. 

Whether the case is to be considered a postoperative one or a purely 
medical one is really not significant, but the medical history of the patient, 
the length of time transpiring between his operation and his present 
illness, and the roentgenographs seem to point to this as one of the type 
Packard so ably described. In addition, it must be recalled that most 
authorities regard fibrincus bronchitis as more common in tuberculous 
individuals, about half of the reported cases having been associated with 
this disease. 

It is a matter of purely speculative importance whether fibrinous bron- 
chitis is a metabolic disturbance of the bronchi, as suggested by Engel, or 
whether it is a response to infection or even to an altered, that is to say, 
increased coagulability of the blood-serum. In any case the association 
of the condition with tuberculosis, pneumonia and the bronchoasthmatic 
group, all of which are among our commonest fibrin-producing diseases, 
seems to be more than a fortuitous circumstance. It is with the hope 
of seeing more interest aroused in this obscure condition and in its 
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aetiological relationship to massive atelectasis on the one hand and 
tuberculosis on the other that this case is presented. 
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SOME ASPECTS OF THE RECORDED AND RESIDENT 
MORTALITY FROM TUBERCULOSIS IN NEW YORK 
STATE IN 1927 AND 1928 


J. V. De PORTE! 


The statistical method has been having a most successful, even spec- 
tacular, career. It was only a comparatively short time ago that many 
of its underlying principles were formulated, and now the popularity of 
statistics is evident to readers not only of scientific publications, but even 
of the most primitive examples of our daily press. Perhaps in no other 
period of recorded human history were numbers given the place of author- 
ity they occupy at present; one rarely hears or sees in print an exposition 
or argument on any subject, even theological, which has not the support 
of apparently infallible figures. 

The broadening of the statistical field has necessarily resulted in occa- 
sional shallow thinking and illogical reasoning. Some writers lack the 
patience to question the reliability of their basic data, while others, at 
times, dispense with this essential scrutiny quite intentionally. What we 
need most of all now, and this opinion is shared by all serious statistical 
workers, is a more intensive inquiry into the nature of the material out of 
which our statistical tables are compiled and inferences and deductions 
drawn. This is particularly important in that branch of statistics,—vital 
statistics,—with which I have some familiarity. 

It is with this general postulate in mind that the Division of Vital Sta- 
tistics of the New York State Department of Health has been studying in 
greater detail the records in its custody. One such study was that which 
attempted to determine more accurately the mortality from tubercu- 
losis in 1926 in the different subdivisions of the State based on the resi- 
dence of the deceased person and not the place where death occurred. 
The paper embodying the main results of this investigation was pub- 

lished last year in the hospitable pages of the REVIEW.? We have now 
the results of a similar analysis of the death-rates for 1927 and 1928 and 

1 Director, Division of Vital Statistics, New York State Department of Health. 


2 Recorded and Resident Death-Rates from Tuberculosis in New York State in 1926, J. V. 
De Porte, AMERICAN REVIEW OF TUBERCULOSIS, June, 1928, xvii, 634-662. 
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they are presented here with a double purpose: to make available for 
public-health workers, particularly those in the field of tuberculosis, 
rates for the various urban and rural sections of New York State which 
are nearer to actuality than the recorded figures, and, second, to com- 
pare them with those for 1926. In addition, we have examined the 1927 
figures from several new angles, and some of the facts are, I believe, of 
sufficient interest to be presented here. 


Method of Allocation: ‘The allocation of the deaths from tuberculosis 
recorded in the State in 1927 and 1928 was based in practically all cases 
upon a comparison of the length of residence and the duration of the ill- 
ness indicated on the death-certificate. In keeping with the procedure 
outlined in our 1926 study, the residents of foreign countries were in- 
cluded among the residents of the State and all of its subdivisions. 
Residents of other states were included among the residents of the larger 
subdivisions of the State of New York, but excluded from individual 
counties. This was done because the residents of other states were 
represented largely in only four counties,—Dutchess, Essex, Franklin, 
and Sullivan. For the same reason, the residents of other states were 
excluded from the rural areas of counties and from all cities of the State, 
with the exception of New York City for which the necessary information 
was not available. 


Recorded and Resident Death-Rates of Main Divisions of the State: 
Table 1 summarizes the results of the allocation of deaths according to 
residence in 1927 and 1928 in the main divisions of the State. 

Combining, for the sake of convenience, the numbers shown in the 
preceding table, we find that the distribution of deaths from tuberculosis 
during the two years 1927 and 1928 was as follows: 


New York City: Recorded deaths, 10,466; resident deaths, 11,553. Deaths 
upstate of New York City residents numbered 1,153, of which 341 occurred in 
the urban and 411 in the rural territory, and 401 in State institutions. 

Urban Part of Rest of State: Recorded deaths, 4,360; resident deaths, 5,082. 
Of the latter, 1,044 occurred in rural New York, 39 in New York City, 3,737 in 
other urban communities of the state, and 262 in State institutions. 

Rural New York: Recorded deaths, 3,316; resident deaths, 2,300. Of the 
latter, 27 occurred in New York City, 282 in other urban communities of the 
State, 1,861 in rural New York, and 130 in State institutions. 

State Institutions: Recorded deaths, 861, of which 401 were residents of New 
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York City, 262 residents of other urban communities of the State, 130 residents 
of rural New York. 1n the remaining 68 cases the place of residence could not 
be determined or the institution was given as the permanent place of residence. 


Residents of New York City who died elsewhere in the State repre- 
sented 10.0 per cent of the total resident deaths. The corresponding per- 


TABLE 1 


Deaths from tuberculosis, all forms, by residence of decedent, and recorded and resident death-rates: 
New York States, 1927 and 1928 


RESIDENTS* OF DEATH-RATES 
PER 100,000 
Rest of State 
POPULATION | 
PLACE OF DEATH RECORDED| 
8 | F 
1927 
New York State............. 11,466,169) 9,400 [5,654/3, 746/12, 543/1, 156) 47) 82.0} 82.0 
New: York: 5,970,782) 5,140 35} 23) 12 86.1) 94.7 
Rest of State. 5,495,387} 4,260 | 549/3,711/2,520)1,144| 47) 77.5) 68.2 
3,384,060} 2,176 | 157/2,019|1,889} 130 64.3} 75.1 
2,056,186} 1,644 | 189)1,455] 503} 952 80.0) 56.2 
Institutional districts.... 55,141} 440 | 203) 237| 128} 62) 47 
1928 
New York State... 11,612,597} 9,603 21| 82.7) 82.7 
New: York: City 6,017,547} 5,326 {5,295} 31 16} 15 88.5} 98.0 
5,595,050} 4,277 | 604/3,673/2,523|1,129| 76.4| 66.2 
3,439,279) 2,184 | 184/2,000)1,848) 152 63.5] 73.8 
2,097,706] 1,672 | 222/1,450) 541} 909 79.7) 54.5 
Institutional districts... . 58,065} 421 198) 223] 134) 68) 21 


* Includes residents of other states and foreign countries and those whose residence was 
unknown or not stated. 


centage for the urban upstate territory was 26.5 and for rural New York 
19.1. 

The most interesting fact shown in table 1 (see figure 1 also) is the rela- 
tion between the recorded and resident rates. The allocation according 
to residence increased the rates of New York City and of the urban part of 
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the rest of State and decreased the rate of rural New York, thus empha- 
sizing the excess of the New York City rate over that of the rest of State 
and reversing the relation between the rates of the urban and rural sec- 
tions. This will be seen best from the following percentages, to which we 
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Fic. 1. RECORDED AND RESIDENT DEATH-RATES, PER 100,000 PopuLaTION, FROM 
TUBERCULOSIS, ALL Forms; NEw York City AND REST OF STATE; 
1926, 1927, 1928 


have added, for the sake of comparison, the corresponding figures for 
1926: 


1926 1927 1928 


Excess of recorded rate of New York City over Upstate.. 9.6 1B See | 15.8 
Excess of resident rate of New York City over Upstate... 38.0 38.9 48.0 
Excess of recorded rate of Rural over Urban Upstate 24.4 25:5 
Excess of resident rate of Urban over Rural Upstate : 33.6 35.4 


Hence, the deduction drawn from our earlier study that the resident 
death-rate from tuberculosis of urban New York is higher than the 
rural rate is upheld by the experience of the following two years. 
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We note, incidentally, that in New York City both the recorded and 
resident rates in 1928 were slightly higher than in 1927, while in the two 
divisions of the rest of the State the 1928 rates were lower than those of 
the preceding year. As compared with 1926, the reduction in the re- 
corded and resident rates in 1928 was greatest in the urban part of the 
State, exclusive of New York City,—9.8 and 11.3 per cent respectively. 
The recorded rural rate in 1928 was 8.9 per cent below the rate in 1926, 
the drop in the resident rate being 8.2 per cent. In New York City the 
drop in the recorded and resident rates represented 4.7 and 4.4 per cent 
respectively. 

Tables 2, 3 and 4 show the recorded and resident death-rates of all 
cities and villages having ‘a population of 10,000 or more, and of the 
rural and total areas of the 57 counties of the State, exclusive of New 
York City. Limitation of space makes it necessary to omit the inter- 
mediate steps leading from the recorded to the resident rates which were 
given in detail in my earlier paper. 

The deaths recorded in the State, exclusive of New York City, in 1927 
and 1928 included 415 residents of other states, 25 residents of foreign 
countries, and 53 persons whose residence was unknown. All of these, 
as stated before, were counted with the residents of the upstate territory 
and its urban and rural subdivisions, but residents of other states and 
foreign countries were excluded from the totals of residents of cities and 
counties. 


Death-Rates of Urban Areas (Table 2): The allocation of deaths, ac- 
cording to residence, in cities with a population of 50,000 or more reduced 
the rates of Buffalo from 81.4 to 77.4 in 1927 and from 88.9 to 80.0 in 
1928, and the rates of Albany from 105.4 to 100.4 in 1927 and 96.4 to 
90.6 in 1928. The resident rates of all other cities in this group were 
higher than the recorded. 

The effect of the allocation upon the death-rates of the entire group of 
places, 25,000-50,000, was slight: in 1927 the resident rate was somewhat 
higher and in 1928 somewhat lower than the recorded rate. There was a 
significant difference between the recorded and resident rates of the next 
group of places, 10,000-25,000: in 1927 the resident rate (67.9) was 52 
per cent higher than the recorded rate (44.8), an excess identical with 
that of 1926; in 1928 the resident rate (71.9) was 57.0 per cent higher 
than the recorded rate (45.7). 

In the group of smallest incorporated places, 2,500-10,000, the resident 
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TABLE 2 
Urban area of New York State: deaths from tuberculosis, all forms, according to place of occurrence 
and residence of decedent, with recorded and resident death-rates, in places having a 

population of 10,000 or more: 1927 and 1928 


CITY OR VILLAGE 


POPULA- 

TIONT AC- 
CORDING 
TO THE 
STATE 

ENUMERA- 
TION OF 

1925 


(1) 


(2) 


~ 
~ 


New York City 


Places 50,000-100,000..... 
Binghamton* 
Mount Vernon 


Places 25,000-50,000...... 
Amsterdam 


Jamestown 
i Kingston 
Newburgh 
New Rochelle 


Places 10,000-25,000 
Batavia 


Corning 
Cortland 
Dunkirk 


5,873 ,356 


535, 824 
315,067 


512,600 
117,820 
181,195 

99,938 
113,647 


341,594 
69,170 
50,382 
57,033 
92,786 

72,223 


386, 604 
35,260 
34, 286 

47,103 

43,414 

28,099 

30,419 

44,222 

35,670 

27,867 

32,836 

27,428 


621,647 
15,628 
10, 645 
23,345 
15,722 
13,879 


5,140 


19,912 


=~ 
~ 


5,326 


492 
119 


341 
105.4)100.4) 116) 109 
44.8) 58.0] 96) 126 
51.1) 60.9) 41 73 
76.6] 84.2} 88 99 

8 
32.3) 66.1) 25 42 
28.1) 58.1] 17 35 
39.0} 72.0] 26 42 
39.2) 71.0} 34 56 


61.2] 94.6} 20} 26] 55.2 

81.7} 81.7) 19 20 | 55.4} 58.3 
56 t| 74.8] 20 30 | 41.2] 61.8 
50.9] 68.7} 13 16 | 28.3] 34.8 
139.7|122.2| 37 25 |128.0} 86.5 
157.7|118.3} 30 19 | 98.5} 62.4 
38.1] 59.2) 23 32 | 47.1] 65.6 
47.3| 69.6} 14 22 | 35.8] 56.3 
130.1] 65.1] 38 11 [127.4] 36.9 
68.8} 53.8] 22 21 | 65.2) 62.3 

6.9 


44.8 

42.6} 73.0 6 6 
73.7) 73.7) 10 15 
72.4; 93.7} 20 25 
25.4) 57.2 7 7 
42.5) 28.4 7 10 
54.6} 74.5) 10 17 


1927 1928 

neo i no 

= § Death-rates Death-rates 
per 100,000 4/3 per 100,000 
22 population 3 29 population 
~ (sees 
SOLVED ~ = ov 50” 
8 9 a 9 


= 


88.5 


88.9 
36.4 


96.4 
48.2 
39.9 
72.5 


34.7 
31.1 
38.1 
35.8 


35.7 
4.2 
84.9 
44.5 
49.3 
49.4 


| 
= = mi | 6) | © (8) | mm | (10) 
5,654 | 86.1) 94.7 5,899 | 98.0 
446) 424 | 81.4} 77.4 443 80.0 
149} 212 | 46.1] 65.6 200 61.2 
| Places 100,000-250,000.... 357| 396 62.7] 74.9 
Syracuse * 88) 114 63.3 
52} 62 71.1 
9215 41.9! 70.1 
| 23} 47 58.3 
15] 31 63.9 
| Niagara Fall 26 48 61.5 
Schenectady 37 67 58.9 
“| 301} 304 244 | 61.2} 60.0 
22 34 
28 28 
23 31 
40 35 
48 36 
18} 28 
Poughkeepsie............ 17 25 
White Plains 17 14 
| 4 
288} 436 45.7| 71.9 
7 12 35.7 
| 17} 22 106.2 
4 9 44.5 
i 4 70.4 
92 


TABLE 2—Concluded 


1927 
POPULA- noe no 
TIONT AC- = Death-rates Death-rates 
CORDING 4 per 100,000 per 100,000 
CITY OR VILLAGE g | Population oS Population 
(2) (3) | | @ @ @) | @ | 
15,627} 6 7 | 35.9] 41.9] 3 9 | 17.4] 52.2 
13,903 6 11 | 38.5] 70.5 6 13 | 36.5) 79.2 
12,571 4 6 | 31.8} 47.7 7 10 | 55.7| 79.5 
15,908}. 10 19 | 61.0)115.9 7 11 | 42.1} 66.2 
10,822 + 7 | 34.3] 60.1 6 6 | 49.8) 49.8 
17,851} 14 12 | 76.4] 65.5 8 14 | 43.1) 75.5 
Gloversville...... aia vie 22,110 7 7 | 31.6) 31.6 6 12 | 27.1) 54.2 
9,952 1 6{ 8.8} 53.0 6 11 | 50.1) 91.8 
10,910 5 8 | 45.1) 72.2 1 3 | 9.0) 26.9 
15,784 8 12 | 49.8] 74.6 2 6 | 12.3} 37.0 
11,353 8 17 | 70.5|149.7 9 14 | 79.3}123.3 
10,426 6 57,0 2 3 | 18.9} 28.4 
18,948 9 7 | 45.7) 35.5 9 13 | 44.9) 64.8 
City... 11,169 5 3 | 41.1) 24.7 3 23:7 
Johnstown..... hehe wk a wiaiten 10,712 3 6 | 28.0} 56.0 6 6 | 56.0} 56.0 
Lackawanna*............ 19,971 5 25 | 24.0/119.9) 17 51 | 79.9/239.8 
oer 12,428 4 8 | 32.2) 64.4 9 12 | 72.4| 96.6 
21,676 7 13 | 32.1] 59.6 5 12 | 22.8) 54.8 
Mamaroneck....... Kiseashie 10,153 4 10 | 34.7} 86.7 4 9 | 32.8) 73.8 
Middletown*............ 17,994; 16 16 | 85.8) 85.8) 16 17 | 84.4| 89.7 
North Tonawanda........ 17,356) 9 11 | 49.8] 60.9 6 8 | 32.6] 43.4 
14, 754 6 6 | 38.3} 38.3} 10 7 | 62.1) 43.5 
21,332} 10 8 | 46.5] 37.2 4 5 | 18.5) 23.2 
10, 656 4 7 | 37.4| 65.4 6 6 | 56.0} 56.0 
12,057 8 10 | 65.4} 81.7 2 1] 16.2) 8.1 
11,345 6 7 | 48.0} 56.0 6 8 | 46.8) 62.3 
22,369 4 11 | 17.9} 49.2} 10 22 | 44.7) 98.4 
17,993} 19 30 |101 .0/159.5 12 | 26.0) 62.5 
11,552] 10 10 | 84.8) 84.8 9 13 | 75.5/109.1 
Port: Chester 19,283 6 13 | 29.5} 64.0} 11 18 | 52.8) 86.4 
| er 10,507 5 7 | 47.0) 65.8 3 2 | 28.0) 18.7 
11,394 4 7 | 34.4) 60.3 2 | 
Rockville Center......... 10,316 1 5 | 8.4 42.1 5 9 | 39.6) 71.3 
Saratoga Springs......... 13,884 9 12 | 63.6) 84.8) 13 15 | 91.0)105.0 
11,292 1 5 | 8.5) 42.5 11 | 33.4) 91.8 
16,158 7 11 | 43.2} 67.9) 10 13 | 61.7) 80.2 
Places 2,500-10,000.......| 556,317) 482) 408 | 83.4) 70.6} 533) 400 | 89.8) 67.4 


* Populations and recorded deaths are exclusive of institutional districts; resident deaths 
(columns 4 and 8) include those in institutional districts allocated according to residence. 

t Populations employed in the computation of rates were estimates based on the U. S. 
Census of 1920 and the State Enumeration of 1925. 
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rates were lower than the recorded rates: in 1927 they were 70.6 and 83.4 
respectively, a difference of 15 per cent; in 1928 they were 67.4 and 89.8, a 
difference of 25 per cent, while in 1926 the resident rate was less than 
the recorded by 27 per cent. This group of places is, in general, more 
rural than urban in nature and shares with the rural area the characteris- 
tic of having a large number of nonresident sufferers from tuberculosis. 


TABLE A 


PER CENT OF CHANGE OF PER CENT OF CHANGE 
RECORDED RATE OF RESIDENT RATE 


1927 1928 1927 1928 
from from from from 
1926 1927 1926 1927 


+2.8 


+9.2 
—21.0 


—5.7 
—8.5 
+7.6 
—21.9 
—5.4 


Places 50,000-100,0€0 —2.1 —2.8 
Binghamton 4+7.4} —12.5 
Mount Vernon +10.7 | —11.3 
Niagara Falls —2.3| —17.7 
Schenectady —8.7 | +47.6 
—3.9 —9.9 


Places 25,000-50,000 442 
Places 10,000-25,000 +20) 
Places 2,500-10,000 +7.7| 


The following table (A) shows the percentages of change in the recorded 
and resident rates of 1927 as compared with 1926, and of 1928 with 1927, 
in the cities of the State with a population over fifty thousand and in the 
three groups of smaller incorporated places. 

The changes in the recorded and resident rates were of the same 
character (when the recorded rates increased the resident rates also 
increased and vice versa) with the following exceptions: In 1927 the re- 
corded rate of the group of places 2,500-10,000 was lower than in 1926 
(11.4 per cent) while the resident rate was higher than in the former 


| 

| 

| 

Places —11.8} +1.5 
—8.8 
—11.8 
+10.0 
—14.6 
—17.0 
—3.7 
—21.4 
+5.9 
—4.5 
| 
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TABLE 3 
Rural area of New York State: deaths from tuberculosis, all forms, according to place of occurrence 
and residence of decedent, with recorded and resident death-rates, by counties: 

1927 and 1928 


1927 1928 


POPULA- Zea 
TIONt Death-rates 3x Death-rates 
ACCORDING; per 100,000 | 4 per 100,009 
~ 7] ~ 2 lat] 
RURAL AREA OF COUNTY | § | Population | | population 
TION OF = dD =} 
(1) (2) (3) (4) (5) (6) (7) (8) (9) | (10) 


31,962} 8| 11 | 25.0] 34.4} 10] 13 | 31.3] 40.7 
36,349} 42 20 |103.6) 49.3} 31 13. | 72.8] 30.5 
40,675} 47 21 |114.1) 51.0) 37 28 | 89.3] 67.6 


48 , 264 
19,137} 20 11 | 98.9] 54.4) 18 12 | 86.7] 57.8 
27,090) 18 15 | 65.9) 54.9) 14 14 | 51.1] 51.1 
32,611} 10 13 | 30.2] 39.3) 14 16 | 42.1] 48.1 


30,971 


14,619 


39,941} 22 13 | 54.7) 32.3) 18 20 | 44.6] 49.5 
44 154 32 |332.0) 69.0) 196 29 (442.0) 65.4 
91,489) 35 41 | 35.7) 41.8) 38 56 | 37.5] 55.2 


26,303 2 


29,078 
13,011) 9 8 | 66.6) 59.2; 10 10 | 72.8} 72.8 


23,408} 9| 15 | 36.5] 60.9] 3 5 | 11.9] 19.8 
22,900] 26] 25 |110.1/105.9) 17] 15 | 71.0] 62.6 
4,242 


22,467 


48,405} 10 17 | 20.4] 34.6) 16 19 | 32.4) 38.5 * 
21,286} 5 6 | 23.2} 27.8) 6 8 | 27.7) 36.9 
7 14 | 23.1] 46.2} 7 15 | 22.8) 48.8 
25,928) 4 6 | 15.2} 22.8) 9 8 | 34.0} 30.2 


17,858} 23 9 125.9) 49.2} 23 12 |124.5| 65.0 
109,751} 80 60 | 64.2) 48.1) 94 66 | 71.3} 50.1 
31,114) 31 14 | 95.2] 43.0) 30 12 | 90.2| 36.1 


Columbia* i9| 12 | 58.61 37.0] 22| 13 | 66.4) 39.2 

Cortland 2 13.5) 5| 8 | 33.4] 53.4 
Essex* 47.7 

Oneida* [24 24.5) 41.9] 25] 33 | 43.2] 57.0 | 
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TABLE 3—Concluded 


POPULA- 


TIONT 


St. Lawrence” 3% 


32,595 


ACCORDING 

RURAL AREA OF COUNTY 
ENUMERA- 

TION OF 

(1925) 
(1) (2) 


12,500 
29,762 
33,965 
57,565 


30,427 
18,360 
18,980 
10,537 
12,483 


46,382 


103,543 


33,588 
15,790 
20,611 


46,889 
16,219 
26,737 
34,885 
61,818 


22,787 
12,342 


.6} 42.6 
45.6) 45.6) 5 
194.0} 79.5} 46 
67.7| 56.9) 31 
38.0} 36.3) 29 


.6| 56.8} 34 
177.5) 47.0) 25 
52.6} 73.6, 4 
28.2} 65.9 
47.5) 47.5) 4 


57.1| 44.4} 22 
57.4] 55.7] 52 
188.2) 70.2) 74 

18.5] 3 
55.8] 60.4) 12 


79.3} 65.1} 29 
60.0} 90.0) 17 
70.7} 81.9} 13 
41.9) 53.1) 8 
162.4) 53.2} 109 
43.3) 60.6, 6 
48.3) 64.4) 3 


+ 


1927 

23.6 $34 

Death-rates Death-rates 
per 100,000 2 per 100,000 
population os g » | population 
(3) (4) (5) (6) (7) (8) (9) (10) 
66 40 |104.7} 63.4) 55 31 84.5] 47.6 
24 14 | 74.9] 43.7) 28 14 | 86.9) 43.5 
58 40 72.4; 50 35% | 6225 

7 | 35234074) 5 8 | 24.9} 39.9 

29 20 | 77.8] 53.7| 42 30° 


bo 


bo 

© 

bo 

OA 
ON OND 


oon 


G2 

No 


* Populations and recorded deaths are exclusive of institutional districts; resident deaths 
(columns 4 and 8) include those in institutional districts allocated according to residence. 

t Populations employed in the computations of rates were estimates based on the U. S. 
Census of 1920 and the State Enumeration of 1925. 


96 
61 | 25 12 |142.6| 37.2 
a5 | 27 | 80.9| 70.4 
{ | 2 32 i 55.1 
18 18 |105.4| 55.8 
34 9 8 127.9} 40.9 
10| 14 4 | 21.0) 21.0 
| 3 7 | 
6 6 9 | 31.5] 70.9 
| | 
65) (63 35 | 
| | 
39 | 32 32 | 
| 10| 15 8 |i 
19 22 12 | 
15| 19 13 
| | 6 8 | | 
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year (2.2 per cent). In 1928 the recorded rate of Utica was lower than 
in 1927 (21.9 per cent), the resident rate being higher (16.7 per cent). 
On the other hand, the recorded rate of Binghamton increased (7.4 per 
cent) while its resident rate dropped (11.8 per cent) and the recorded rate 
of the group of places 2,500-10,000 was above the rate of the preceding 
year (7 7 per cent) while its resident rate decreased (4.5 per cent). 


Death-Rates of Rural Areas of Counties (Table 3): The recorded death- 
rates of rural areas of counties in 1927 ranged from a minimum of ‘0’ 
in Cortland and Tioga to a maximum of 332.0 in Dutchess County. The 
resident rates ranged from a minimum of 13.5 in Cortland to a maximum 
of 105.9 in Greene County. In this list 15 counties had recorded rates in 
excess of 100; among the resident rates there was but one, Greene, with a 
rate above 100. In 23 counties the resident rural rate was greater than 
the recorded, in two the rates were equal, the remaining counties having 
resident rates below the recorded figures. 

In 1928 no deaths were recorded in the rural area of Schuyler County, 
Dutchess having the maximum rate (442.0). In the column of resident 
rates, Schuyler was, once more, at the bottom with no deaths, while the 
highest rate was that of Sullivan (84.8). In 23 counties the resident 
rates were greater than the recorded, in three the rates were equal, and 
in the remaining counties the resident rates were lower. Here we must 
call attention to the fact that in most of the counties whose resident rates 
were greater than the recorded rates the difference was based on a small 
number of deaths. In 1928, for example, the resident rate of Seneca 
County was more than double the recorded figure, these rates represent- 
ing 9 and 4 deaths respectively. In 1927 the resident rate of Hamilton 
County was double the recorded rate, the corresponding number of 
deaths being 2 and 1. 

During the three-year period, 1926-1928, the movement of the re- 
corded death-rates was upward (the 1927 rate higher than the 1926 and 
the 1928 higher than the 1927 rate) in the rural areas of Dutchess, Erie, 
Nassau and St. Lawrence Counties. The greatest increase in recorded 
deaths occurred in Dutchess, with a total of 196 deaths in 1928 as 
compared with 139 in 1926, the rates being 442.0 and 306.1 respectively. 
The indicated slight increase in the recorded rate of Nassau County 
(63.9 in 1926 and 71.3 in 1928) is probably of no significance, since in 
recent years the population of Nassau has been growing rapidly and is 
at present very likely greater than the estimates employed in the compu- 
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tation of the rates. The resident rates of the four counties mentioned 
above were also higher in 1928, but the rise was not uniform: in Dutchess 
the 1927 rate was higher than in 1926 and lower than in 1928, while in 
the remaining three counties the 1927 rates were lower than in 1926. 

A sustained downward movement of the recorded rates in 1926-1928 
occurred in the rural areas of 19 counties. The movement of the resident 
rates was irregular in ten of them, downward in seven, and upward in 
two—Cattaraugus and Livingston. The resident rates of Cattaraugus 
County in 1926-1928 (the number of deaths is given in parenthesis) were, 
in order, 39.2 (16), 51.0 (21) and 67.6 (28); and for Livingston, 36.7 (11), 
46.2 (14) and 48.8 (15). The recorded rates in Cattaraugus County were, 
119.9 (49), 114.1 (47) and 89.3 (37); in Livingston, 30.0 (9) 23.1 (7), 22.8 
(7). 

A sustained upward movement of the resident rates in 1926-1928 
occurred in the following 8 counties: Allegany, Cattaraugus, Chemung, 
Franklin, Fulton, Livingston, Rockland and Sullivan. The movement 
of the recorded rates of these counties, with the exception of Cattaraugus 
and Livingston mentioned in the preceding paragraph, was irregular. 

A sustained downward movement of the resident rates in 1926-1928 
occurred in the following 11 counties: Chenango, Herkimer, Ontario, 
Orleans, Otsego, Putnam, Saratoga, Schenectady, Tioga, Ulster and War- 
ren. The movement of the recorded rates was irregular in Herkimer, 
Ontario, Saratoga and Warren; in the other 7 counties it was uniformly 
downward. 

We are listing below (table B) all counties whose resident rates in 1927 
or 1928 were one-half or less of the recorded rates, 


Death-Rates of Total Areas of Counties (Table 4): The recorded death- 
rates of the total areas of counties in 1927 ranged from a minimum of 3.7 
in Tioga to a maximum of 461.3 in Franklin. Rates in excess of 100 were 
recorded in 10 counties. The highest rates were those of the three resort 
counties: Essex (270.7), Sullivan (335.7), Franklin (461.3). The list of 
resident rates shows only one county, Franklin, in excess of 100 (117.5). 

In 1928 the lowest recorded rate was that of Schuyler County (14.6), 
Franklin having the maximum rate (545.8). Six counties, Dutchess, 
Essex, Franklin, Seneca, Suffolk and Sullivan had recorded rates in excess 
of 100. The resident rates ranged from 7.3 in Schuyler to 105.8 in 
Franklin. The next highest resident rate (95.0) was that of Sullivan 
County. Once more, we find, as we did in our study of the 1926 rates, 
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that even upon the allocation of deaths according to residence the rates 
of the resort counties remained high. In 1927 Franklin ranked first, 
Sullivan third, and Essex twelfth. In 1928 Franklin was first, Sullivan 
second, and Essex sixteenth. In interpreting these figures we must 
remember that the basis of the resident rates is the information regard- 
ing length of residence and duration of illness as given on the death- 
certificates which is, in some cases at least, the doctor’s “‘best guess,” 
and the rates have, therefore, no claim to mathematical precision. They 


TABLE B 


1927 1928 


Death-rates per Death-rates per 
Deaths 100,000 popu- Deaths 100,000 popu- 
lation lation 


Recorded 


“YUN | Resident 


IDA 
| Resident 
IR AW 


Ww 


76.0 


36.8 
Montgomery 49.2 
Niagara 43.0 
Rensselaer .0} 79.5 
Schenectady .5| 47.0 
Sullivan .2| 70.2 
90.0 
113 53.2 | 109 


are merely better approximations to truth than are the recorded figures. 
We hope in the near future to make a more detailed study of the resident 
mortality in these three counties. 

An uninterrupted upward movement of the resident rates in 1926- 
1928 occurred in 5 counties,—Allegany, Fulton, Livingston, St. Lawrence, 
and Sullivan. In only two of these, Fulton and St. Lawrence, was there 
a corresponding continued rise of the recorded rates; in Allegany the 
rate dropped in 1927, but in 1928 it rose to a figure higher than in 1926; 
in the remaining two counties the recorded rates were lower in 1928 
than in 1926. 


ul 
i 
if 
= 
5 
74| 22 | 255.6) 98 | 22 | 339.3] 76.2 
32 | 162.1] 45.1 
12 | 124.5) 65.0 
12 90.2} 36.1 
12 | 142.6) 37.2 
8 | 127.9} 40.9 
31 | 202.4) 84.8 
8 | 100.6) 47.4 
33 | 148.2) 44.9 


100 J. V. DEPORTE 


TABLE 4 
New York State (exclusive of New York City): deaths from tuberculosis, all forms, according to 
place of occurrence and residence of decedent, with recorded and resident death-rates, 
by counties: 1927 and 1928 


1927 1928 


Death-rates 
per 100,000 
population 


Death-rates 
per 100,000 


TOTAL AREA OF COUNTY population 


Recorded deaths 

Deaths of residents 
regardless of place 
of occurrence with- 
in the State 

Recorded deaths 

Deaths of residents 
regardless of place 
of occurrence with- 
in the State 


Resident 
Resident 


(2) 


197,138 
Allegany 36,815 
Broome* 135,060 
73,778 
65,344 


Chautauqua 128,100 
Chemung* 72,292 
Chenango* 35,610 
Clinton* 46,145 
Columbia 42,726 


Cortland 31,051 
Delaware 43,452 
Dutchess* 99 ,028 
693,616 

32,042 


Franklin 45,915 
Fulton 46,028 
Genesee 43,420 
Greene 28,207 
4,242 


66, 708 
85,776 
24,713 
Livingston* 39,264 
Madison 40,807 


392,174 
Montgomery 61,385 
Nassau 207 ,640 
Niagara 133 ,437 
Oneida* | 196, 486) 


| 

TIONT 
ACCORDING 
ENUMERA- 

TION OF 

1925 
(1) = (3) (4) (5) | (6) | (2) | (9) | (10) 
163 | 175 | 80.9] 86.9] 162 | 173 | 79.6] 85.0 
10 14 | 27.2] 38.0] 14 17 | 38.0| 46.2 
102 77 71.1) 54.8] 92 64 | 62.4] 44.3 
60 | 34 | 80.3} 45.5} 45] 40 | 59.9] 53.2 
35 | 36 | 53.2| 56.1) 28] 35 | 42.5] 54.4 
72 75 | 54.11 56.4 64] 64 | 47.3] 47.3 
48| 50 | 64.4] 68.2} 40] 44 | 52.8] 59.1 
21 19 | 58.6] 53.3} 16 16 | 44.5| 44.7 
30} 23 | 63.8) 51.3] 35 29 | 73.8] 64.2 
27 29 | 61.1] 66.2] 31 27 | 69.0} 60.7 
7 32 18 | 37.7| 56.5 
23 15 | 52.6] 34.3} 18] 20 | 41.0] 45.6 
235 69 |230.3] 71.5] 294 71 1283.3] 72.6 
519 | 519 | 72.4] 72.8] 592 | 589 | 81.3] 81.4 
87 23 |270.7| 72.2} 105 | 20 |326.5} 62.7 
216 | 55 |461.3/117.5| 258} 50 |545.8/105.8 
19} 21 | 40.8) 45.1] 23] 28 | 49.2) 59.9 
21 32 | 46.1} 70.3] 11 16 | 23.6] 34.4 
29| 27 | 99.5} 92.7/ 20] 19 | 67.6] 64.2 
1 2 | 23.0) 46.0} 2 3 | 45.5] 68.2 
43 | 45 | 63.5] 66.5] 31 31 | 45.5] 45.5 
35 37 | 40.2} 42.51 40| 42 | 45.6] 47.8 
7 6 7 | 23.9] 27.9} 8 10 | 31.6) 39.5 
34] 16 | 84.7] 41.5] 25 19 | 61.6) 48.7 
8 13 | 19.4] 31.5] 15 15 | 36.1] 36.1 
248 | 244 | 60.8] 60.1] 246] 238 | 59.2] 57.6 
48| 49 | 76.5| 78.1] 49| 46 | 77.3] 72.6 
110 | 120 | 46.0} 50.2} 142 | 144 | 55.9] 56.6 
73 86 | 52.5] 61.8} 67 74 | 47.2] 52.2 
169 | 113 | 83.8] 57.5} 150 | 123 | 73.3} 61.9 
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TABLE 4—Concluded 


1927 


71,404 


47,404 2| 52. 
12,500} 6 6 | 45.6] 45.6} 5 6 
118,429] 121 | 118 |100.4| 98.0] 101 | 103 
56,479, 63 | 36 |104.3] 61.9] 56| 43 

91,806 8 


Schenectady. 116,708) 72 79 | 60.2] 66.1) 63 68 

21,565} 12 16> | 55:4) 73-9) 6 

13,456, 4 9 | 29.4! 66.2 2 1 


143,208] 209 | 87 133.4} 60.0] 176 | 78 
40,192} 144] 40 |335.7| 93.3] 147 | 42 
26,111} 1] 6 | 3.7/22.4, 5} 7 
39,559 0 


83,052 3! 88. 
34,070} 24 27 68.6} 77.2} 25 22 
Washington*............. 46,661} 35 | 43 | 73.6, 92.4} 24] 25 
51,785] 23 28 | 43.5) 54.1] 18 19 
Westchester”. 425,798! 312 | 319 | 68.2} 70.1] 290 | 305 


30,827; 19 22 | 61.0) 70.7) 11 12 
17,668; 8 11 | 44.3) 60.9| 6 8 


POPULA- 
TIONt Death-rates Death-rates 
ACCORDING; 42 per 100,000 | 4 oe per 100,000 
TOTAL AREA OF COUNTY | population | | $68 Population 
| § 3 | | 3 | 
(1) (2) (3) (4) (5) | (6) (7) (8) (9) | (10) 
Onondaga 267,009} 157 160 | 56.7} 58.0} 157 169 | 55.8) 60.2 
55,240} 39 39 | 69.4] 69.4) 41 31 72.3} 54.7 
125,629} 147 106 {114.2} 84.3} 124 79 | 95.4) 62.3 
30,692} 11 14 | 34.9) 44.5) 13 18 | 40.8) 56.5 


35.2} 38.4 
32.9) 43.8 


4 and 8) include those in institutional districts allocated according to residence. 


Census of 1920 and the State Enumeration of 1925. 


* Populations and recorded deaths include institutional districts; resident deaths (columns 


{ Populations employed in the computation of rates were estimates based on the U. S. 
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1928 
33.3} 33.3 
37.1| 44.6 
83.2} 84.8 
89.5] 71.7 
75.4| 54.6 
52.1| 56.2 
23.0] 27.6 
14.6} 7.3 
143.1} 56.0 
29.9 
107.6) 51.6 
332.6] 95.0 
18.4] 25.7 
50.0| 52.4 
70.6| 62.1 
50.1| 53.4 
33.7| 36.4 
61.4} 64.9 ‘ 
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A sustained downward movement of the resident rates occurred in 16 
counties,—Albany, Broome, Chautauqua, Chenango, Columbia, Essex, 
Greene, Herkimer, Monroe, Montgomery, Niagara, Otsego, Putnam, 
Rensselaer, Ulster, Wayne. ‘There was a corresponding drop in the 
recorded rates of these counties, with the exception of Broome, Colum- 
bia, Essex and Montgomery. 

It seemed worth while to investigate next the recorded and resident 
mortality from tuberculosis according to age, sex, conjugal condition, and 


TABLE 5 


Deaths from tuberculosis, all forms, and recorded and resident death-rates, by age: New York 
City and Rest of State, 1927 


NEW YORK CITY REST OF STATE 


Death-rates per Death-rates per 
Deaths 100,000 population Deaths 100,000 population 


Recorded | Resident | Recorded | Resident | Recorded | Resident | Recorded | Resident 


years 


All ages 5,140 | 5,654] 86.1| 94.7] 4,260] 3,746] 77.5 


a 
co 
i) 


Under 1 86 83 66.7 64.4 50 53 50.4 
1-4 197 195 41.9 41.4 134 133 29.9 
5-9 68 69 37 11.8 42 41 7.9 

10-14 95 100 18.1 19.1 71 66 14.9 
15-19 415 445 96.8 103.8 287 257 76.4 

20-24 630 683 | 119.1 | 129.1 468 415 | 121.0 

25-34 1,105 1,287 95.4 191 1,011 829 114525 

35-44 965 1,099 103.7 118.1 833 699 104.8 

45-54 815 875) 12204 |, 637 577 94.7 

55-64 521 558 139.5 149.4 390 353 81.9 

65-74 196 214 134.3 146.6 274 256 107.9 

75 and over 47 46 91.0 89.1 65 66 55:7 
Unknown 1 


Coo are 


co CO 
an 


non 
o 


NV. B.: Residents of other states, foreign countries and persons whose place of residence 
was unknown are included among the residents of New York City and the Rest of State. 


country of birthof decedent. This was done with the returns for the sin- 
gle year 1927. 


Recorded and Resident Death-Rates by Age of Decedent: Table 5 (see 
figure 2 also) shows the deaths and death-rates, recorded and resident, in 
New York City and in the rest of the State in 1927 according to age of 
decedent. 
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The total recorded death-rate in New York City (86.1) was 11 per cent 
higher than the rate upstate (77.5). The specific recorded death-rates by 
age were higher in New York City in all groups, except in the ages be- 
tween 20 and 45 years. 

The curve of the recorded rates in the State, outside of New York City, 
conforms in the main to the general opinion that mortality from tuber- 
culosis is greatest in young adult life, the peak falling in the age-group 
20-24 years; we note, however, a rather disquieting secondary peak at 
65-74 years when the death-rate was only 11 per cent less than that of the 
younger group. The curve of recorded mortality in New York City 
is, with the exception of the youngest ages, almost the reverse of what we 
find upstate. The highest rate is at 55-64 years, with an almost equally 
high rate at 65-74 years and a secondary peak at 20-24 years. In expla- 
nation of this arresting difference in the two curves, one thinks immediately 
of the following hypothesis: The New York City figures are exclusive 
of the residents of the City who died upstate, the corresponding figures 
for the rest of State include these residents of New York City. The resi- 
dents of New York City who go for treatment to upstate sanatoria and 
hospitals are, in the majority of cases, young adults, with a comparatively 
small proportion of children and old persons. The peak of the death- 
rate upstate in the age group 20-24 years is, therefore, in all probability 
influenced by the large addition of New York City residents, while the 
relatively low death-rate in that same group in New York City is due to 
the deduction of this contingent. To check this hypothesis we have 
computed the resident death-rates by age for these two divisions of the 
State. The results, however, fulfilled our anticipation only in part. 
While it is true that after the fifth year the resident rates of the State, 
exclusive of New York City, were /ower than the recorded rates, the great- 
est reduction occurring in the age-groups between 20 and 45 years, and in 
New York City the resident rates after the fifth year were higher than 
the recorded rates, the general form of the curve of mortality of New York 
City residents remained, however, practically unchanged, the propor- 
tionate increase in the oldest age-groups being as great as in the younger 
groups, the peak still falling at 55-64 years. 

We can, therefore, say that the high recorded death-rates in the older 
ages upstate, and particularly in New York City, are not due to the pres- 
ent method of registering deaths at the place of their occurrence, since 
the allocation according to residence reduces these rates in the former part 
of the State in the same or somewhat smaller proportion as in the younger 
ages, while in New York City it even makes them higher. 
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One is led, next, to seek an explanation in the present method of selecting 
the cause to which a death is to be assigned when two or more are given on 
the certificate. This choice is guided by the Manual of Joint Causes of 
Death and is frequently contrary to the implied or expressed opinion of the 
certifying physician. To take an illustration from our material: If a 
doctor enters on a death-certificate some form of heart disease as the 
cause of death with tuberculosis as contributory, the Manual directs 
that the death be assigned to tuberculosis. This is true also of cases in 
which tuberculosis appears as contributory to nephritis, arteriosclerosis, 
pneumonia, diabetes. It is, thereforé, possible that this treatment of 
joint causes gives us a more or less distorted picture of tuberculosis mor- 
tality in the older age-groups in which the diseases mentioned above are 
particularly important. A full discussion of this point would, however, 
lead us outside the scope of this study. We hope to consider this sub- 
ject in sufficient detail in another paper. 

In concluding this section we may call attention to the comparative 
size of the resident rates of New York City and of the rest of the State. 
The total resident rate in New York City was higher than upstate by 39 
per cent. The specific resident rates by age in New York City were 
higher than upstate in all age-groups. 


Recorded and Resident Deaths by Color and Country of Birth of White 
Decedents: Table 6 shows the deaths from tuberculosis in 1927, regardless 
of the place of their occurrence within the entire State, of residents of the 
State, exclusive of New York City, by color and by country of birth of 
white decedents. We are showing also, for the sake of completeness, the 
corresponding distribution of the deaths upstate of residents of New York 
City and of other States. 

Deaths recorded upstate totalled 4,260. Subtracting the 549 deaths 
of New York City residents, the 181 deaths of residents of other states, 
and the 39 unallocated deaths in State institutions and adding to the 
remainder the 35 deaths in New York City of upstate residents, we get a 
total of 3,526 deaths. These deaths are shown in the table under two 
main heads,—‘‘Residents of Place where Death Was Recorded” and 
“Nonresidents of Place where Death Was Recorded.” 

In the total deaths of residents of the State, exclusive of New York 
City, negroes number 178 or 5.0 per cent; among residents, 106 or 4.6 
per cent; among nonresidents, 72 or 6.0 per cent. The proportion of 
negroes who died away from the place of their permanent residence 
equalled 40.4 per cent, as compared with 33.7 per cent for whites. 
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TABLE 6 
Deaths from tuberculosis, all forms, by color and by country of birth of white decedents, according 


to residence: New York State (exclusive of New York City), 1927 


The group of all foreign-born, numbering 772, represented 23.2 per cent 
of all white persons. Among the several groups of the foreign-born the 
Poles were most numerous, numbering 143, the Hungarian group being 
smallest,—16. Since, for 1927, estimates of the foreign-born population 
of the State according to country of birth are likely to be very inaccurate, 


RESIDENTS OF NEW YORK STATE 
(EXCLUSIVE OF NEW YORK CITy) 


RESIDENTS RESIDENTS 
COUNTRY OF BIRTH Residents 
of place place WHO DIED DIED 
Total where p< seco UPSTATE UPSTATE 
death was death was 
recorded 
3,526* | 2,328 | 1,198* 549 181 
3,331 | 2,210 | 1,121 168 
caves 2,543 | 1,724 819 335 138 
772 476 296 186 27 
Denmark, Norway, Sweden....... 34 19 15 9 
England, Scotland, Wales.......... 58 34 24 7 + 
16 11 5 2 
Poland. ;..:.«:.:. 143 95 48 8 2 
29 16 13 35 2 
Other foreign countries........... 95 51 44 27 7 
Country not stated................. 16 10 6 4 3 
178 106 72 22 12 


* Includes 35 deaths recorded in New York City. 


group of nonresidents 26.4 per cent of all white persons. 
percentages in a different way, we find that the proportion of foreign- 
born who died away from their place of residence, 38.3 per cent, was 


the bases for the estimates being the censuses of 1910 and 1920, we shall 
not attempt to interpret the figures in terms of the population. In the 
group of residents the foreign-born represented 21.5 per cent, and in the 


Expressing the 
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larger than the corresponding proportion of native-born white persons, 
32.2 per cent. 

Residents of New York City who died upstate totalled 549. Of these, 
22, or 4.0 per cent, were negroes. The foreign-born represented 35.4 per 
cent of all white persons. This is considerably higher than the percent- 
age of foreign-born in the upstate total,—clearly because of the larger 
proportion which the foreign-born form of the New York City population. 

Residents of other states who died upstate numbered 181, of whom 12, 
or 6.6 per cent, were negroes. The foreign-born represent 16.1 per cent 
of the white persons. 


Recorded and Resident Deaths by Age, Sex, and Conjugal Condition: 
Table 7 shows the distribution by age, sex, and conjugal condition of the 
residents of the State, exclusive of New York City, who died from tuber- 
culosis anywhere within the limits of the entire State. These deaths are 
shown under two heads,—‘“Residents of Place where Death Was Re- 
corded” and “Nonresidents of Place where Death Was Recorded.” 
The table shows also the age, sex, and conjugal condition of the residents 
of New York City and of other states who died upstate. We shall first 
discuss briefly the last two, numerically less important, groups. 

Residents of New York City who died upstate numbered 549, of 
whom 344, or 62.7 per cent, were males, and 205, or 37.3 per cent, were 
females. The relative number of males was greater in all age-groups. 

The percentage distribution of the males, according to conjugal condi- 
tion, was as follows: Single, 50.6; married, 44.2; widowed, 3.8; di- 
vorced, 1.2. The corresponding percentages among the females were 
47.8, 44.9, 6.8 and 0.5. Thus, the proportion of single and divorced 
persons was somewhat higher among males, and of married and widowed 
among females. 

The median age of males (table 7A) was 34.8 years, somewhat higher 
than that of females (34.0 years). Among single and married persons the 
males were older, while among the widowed they were younger than the 
females. 

Residents of other States who died upstate numbered 181, comprising 
131 males (72.4 per cent) and 50 females (27.6 per cent). Males were 
more numerous than females in all age-groups except under 15 years and 
at 65-74 years, when the numbers for the two sexes were equal, and at 
15-24 years when the number of females was somewhat greater. 

The percentage distribution of the males, according to conjugal condi- 
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TABLE 7 
Deaths from tuberculosis, all forms, by age, sex, and conjugal condition, according to residence: 
New York State (exclusive of New York City), 1927 


I: Residents ef New York 
State (exclusive of New 
York City) 


Under 5 years 
5-14 years 
15-24 years 
25-34 years 
35-44 years 
45-54 years 
55-64 
65-74 years 
75 years and over 


(a) Residents of place where 
death was recorded 
All ages 


Under 

35-44 years 

45-54 years 

55-64 years 

65-74 years 

75 years and over 

Unknown 


(b) Nonresidents of place 
where death was recorded 


15-24 years 


| 
All 20] 131 11] 2 
183 | 102/ 81 
105 42 63) 42] 63 
626 399)211/290] 14/108] 1 1 
| 734 | si | 4 
654 | 245|142| 47/240/181) 18] 13) 6| 3 
556 | 164/105] 27/246/102/ 30/ 32) 5| 6 
350 | 2291 121) 23/147/ 69] 27/ 2) 2) 1 
251 152 99} 33] 21) 78} 38) 39) 40) 1 1 
66| 36 30! 3] 15/20; | 1 
.. 1,230|1 84| 98] 6| 3] 62 
136 | 73| 631 73] 63 
74/1 30! 44! 30l 44 
428 141} 287/130/213) 9} 73) 1 1 1 
453 206} 90} 1) 6) 2) 1 1 
396 229| 167| 71} 32/143/124) 12) 9 
374 261} 113} 51} 21/188] 71) 18} 21) 2 2 
| 237 | 152| g5| 24| 16/113/ 13/ 21) 1 1 
180 108 72| 12] 68} 34) 25) 26 
49 29 5} 3) 10) 2) 14) 15 
1 ] 1 
All 698] 58] 48] 14/ 10] 5 
47| 18) 291 18 
31| 12) 191 12) 19 
198 | 86 112 35 
281 149] 75} 48) 50} 91) 4) 8 3) 2 
258 | 180 71| 15| 971 571 6 of 2 
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TABLE 7—Concluded 


WIDOWED 
DIVORCED 
UNKNOWN 


| Female 
| Female 
| Female 


45-54 years 
55-64 years 
65-74 years 
75 years and over 


| Male 

O 


II: Residents of New York 
City who died in rest of 
State 
All ages 


Under 5 years 
5-14 years 
15-24 years 
25-34 years 
35-44 years 
45-54 years 
55-64 years 
65-74 years 
75 years and over 


: Residents of other States 
who died in the State (ex- 
clusive of New York City) 
All ages 


65-74 years 
75 years and over 


«x Includes 35 deaths recorded in New York City. 
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| 
TOTAL A | 
a | | 
131 54 6} 58} 31 | 4 
77 36) 21] 7| 34) 21 
71 44) 27) 18) 9} 10) 4 
17 7 1} St 
549 | 205]174| 98/152] 92] 13] 14] 4] 4] 1 
3 
8 5 ‘ 
85 46} 39) 39] 31) 7| 8 
| £201 Ga) 63) 32) S54) 
99; 39) 42] 10; 51); 26; 3) 2) 3) 1 
65 35 30} 11) 9} 21) 18) 3) 3 
42 22} 20; 6 8 11) 7} 4 5 1 
18 12 4) 7 1; 1 
III 
.| 181 131 50} 60) 21) 61) 26} 7} 3) 3 
ls 27 11 16} 11) 13 3 
86 65} 21] 32} 6} 28) 14; 2) 1) 3 
40 35 5} 13 20; 5} 2 
45-54 years...............] 19] 5] 3] 10) 3} 1) 1 } 
Ral 4 2 2 1} 1} 1) 1 
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tion, was as follows: Single, 45.8; married, 46.6; widowed, 5.3; divorced, 
2.3; and for females: single, 42.0; married, 52.0; widowed, 6.0; divorced, 
0.0. Here, too, single and divorced persons were somewhat more numer- 
ous among males, and married and widowed among females. ‘The rela- 
tion between the median ages of males and females in the several groups 
was similar to that of New York City residents. 

Deaths of residents of the State, exclusive of New York City, totalled 
3,526. Of these, 1,928, or 54.7 per cent, were males, and 1,598, or 45.3 
per cent, were females. The proportion of males was greater than that 
of females in all age-groups with these exceptions: 5-14 years, in which 
females represented 60.0 per cent of all deaths; 15-24 years, 63.7 per cent; 
and 25-34 years, 54.0 per cent. 

Single persons numbered 1,539 (43.6 per cent); married, 1,653 (46.9 
per cent); widowed, 288 (8.2 per cent); divorced, 33 (0.9 per cent). The 
conjugal condition of 13 persons was unknown. The percentage dis- 
tribution, according to conjugal condition in the order given above, was as 
follows: males, 44.3, 46.7, 7.4, 1.0; females, 42.8, 47.1, 9.1, 0.8. The 
proportion of single and divorced persons was somewhat higher among 
males, and of married and widowed among females. 

Comparing the distribution by sex of “residents,’’ whose deaths oc- 
curred at the place of permanent residence, and “nonresidents,”’ whose 
deaths occurred anywhere in the State away from their permanent place 
of residence, we find that among the latter males represented 58.3 per cent 
of all deaths,—a larger proportion than among residents, 52.8 per cent. 
Relating the number of nonresidents to the totals of recorded deaths, we 
find that, in 100 deaths of each sex, 36 males and 31 females died away 
from home. 

Deaths of nonresidents represented 36.9 per cent of the deaths of single 
persons, 29.9 per cent of the married, 36.8 per cent of the widowed, and 
72.7 per cent of divorced. The comparatively small proportion of “non- 
resident”’ deaths among married persons is undoubtedly due to the fact 
that family ties and social and economic considerations often prevent 
them from going to distant hospitals and sanatoria for treatment. 

In the group of residents the proportion of single persons was 
smaller among males, 40.0 per‘cent, than among females, 44.0 per cent, 
while among nonresidents the relation was reversed, the percentages 
being 52.8 and 40.4 respectively (see figure 3). On the other hand, in 
the group of residents the proportion of married persons was greater 
among males, 52.6 per cent (females 46.8 per cent), while among non- 
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residents there were relatively fewer married persons among males (36.8) 
than among females (48.0). The proportion of widowed persons was 
smaller among males both among residents and nonresidents. Express- 
ing these relations in a different form we can say that out of 100 single 
persons of each sex 43 males and 30 females died away from their perma- 
nent place of residence; the corresponding numbers for 100 married 


Deaths at place of Deaths away from 
residence place of residence 
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Fic. 3. PERCENTAGE DISTRIBUTION OF DEATHS OF RESIDENTS OF THE STATE, EXCLUSIVE OF 
New York City, FROM TUBERCULOSIS, ALL Forms, By SEX AND 
PLACE OF DEATH, ACCORDING TO CONJUGAL CONDITION: 1927 


persons were 28 males and 32 females, and, for 100 widowed, 41 males 
and 33 females. 

The distribution of the deaths of males and females (the sum of resi- 
dents and nonresidents) by age was quite dissimilar. Among males the 
maximum number of deaths occurred in the age-group 35-44 years; 
among females deaths at 15-24 years were most numerous, with a slightly 
smaller number in the next group, 25-34 years. 
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Among residents the greatest number of deaths of males was recorded 
at 45-54 years; among females, at 15-24 years. Among nonresident 
males the maximum number of deaths was recorded at 35-44 years, a 
younger group than among residents; among females at 25-34 years, an 
older group. 

The median ages for all subdivisions of Table 7 are shown in table 7A. 

The median age of males was higher than of females in all groups. 
Comparing the groups of residents and nonresidents we note that the 


TABLE 7A 
Median ages in years, of the groups shown in table 7 


RESIDENTS OF NEW YORK STATE 
(EXCLUSIVE OF NEW YORK CITY) 


RESIDENTS OF | RESIDENTS OF 
| NEW YORK CITY | OTHER STATES 
SEX AND CONJUGAL CONDITION Residents Nonresi 


of place dents of 
where place where Uestar= UPSTATE 


death was | death was 
recorded recorded 


36.8 36.6 
42.2 40.0 
31.3 31.8 


23.0 28.9 
26.3 33.1 
21.3 23.3 


39.3 
42.5 
34.3 


60.1 58.0 
60.0 . 58.3 
60.2 56.7 


* Number of deaths too small to be significant. 


median age of single persons was higher among the nonresidents while 
that of married and widowed was higher among residents, the differences 
between the ages being particularly marked among the males. 

In order to express more clearly the weight of “nonresident” deaths 
we have computed the number of deaths away from home in 100 total 
deaths from tuberculosis of upstate residents according to age, sex, and 
conjugal condition (figures in subdivision (b) of table 7 divided by the 
corresponding totals in /). The results are shown pictorially in figure 4. 

The proportion of nonresidents among males was higher than among 


| 
Total 
i 34.5 32.2 
204 31.3 30.6 
21.8 29.7 22.3 
41.9 | 43.4 37.7 "34.6 
463 48.1 37.9 36.3 
i 36.8 37.3 32.1 
46.7 
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females at practically all ages. Among single persons this relation held 
true in a more accentuated form, the difference being especially marked 
at 45-54 years, when deaths away from the place of permanent residence 
represented 51.4 per cent of the single males and only 22.2 per cent of the 
single females. Among widowed persons the proportion dying away from 
home was also higher among males at all ages except at 65 years and 
Over. 

The distribution among the married was strikingly different from that 
among single persons. Here the proportion of deaths away from the 
place of residence was higher among females at all ages except 15-24 
years and 35-44 years, with an insignificant difference in the oldest age- 
group 65 years and over. 

If we were to allow ourselves to draw any deductions from the experi- 
ence of 2 single year we might say that the tendency to seek treatment 
away from home is greater among single males than among single females, 
the contrary being true for married persons. 


SUMMARY 


The allocation of the deaths from tuberculosis, all forms, in New York 
State in 1927-1928, according to residence of the decedents, increases 
the rates of New York City and of the urban part of the rest of State and 
decreases the rate of rural New York, thus emphasizing the excess of the 
New York City rate over that of the rest of State and reversing the rela- 
tion between the rates of the urban and rura! sections. Hence, the de- 
duction drawn from our study of the 1926 figures that the resident death- 
rate from tuberculosis in rural New York is lower than the urban rate, is 
upheld by the experience of the following two years. 

The deaths in 1927 have also been analyzed according to age, sex, 
conjugal condition, color and country of birth of the decedents. The 
results, in brief, follow: 

1. Recorded and resident death-rates by age: New York City and the 
rest of State: 

The specific resident death-rates by age were generally higher in 
New York City and lower upstate than the recorded rates. The peaks of 
resident and recorded rates fell in the same age-groups: 55-64 years in 
New York City, and 20-24 years upstate. 

2. Deaths of residents of the State, exclusive of New York City, accord- 
ing to: 

(a) Color and nativity: Deaths away from the permanent place of 
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residence represented 40.4 per cent of the deaths of negroes as compared 
with 33.7 per cent for the whites, and 38.3 per cent of the deaths of 
foreign-born as compared with 32.2 per cent for the native-born whites. 

(b) Sex, age, and conjugal condition: The proportion of deaths away 
from the place of residence was higher among males than among females 
at practically allages. Among single persons this relation held true in an 
accentuated form. On the other hand, for married persons the propor- 
tion of “nonresident” deaths was higher among females at all ages, except 
15-24 years and 35-44 years. 

Out of 100 deaths in each conjugal group, 37 single persons, 30 married, 
37 widowed, and 73 divorced died away from their permanent place of 
residence. Among nonresidents the median age of single persons was 
higher than among residents while that of the married and widowed 
was lower, the disparity between the ages of residents and nonresidents 
being particularly marked among males. 
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SOME CHEMICAL CHANGES ACCOMPANYING THE 
GROWTH OF BOVINE TUBERCLE BACILLI 
ON LONG’S SYNTHETIC MEDIUM?! 


ALICE G. RENFREW, KATHERINE M. HARING anp TREAT B. JOHNSON 


The present report of chemical changes characterizing the growth- 
period of bovine tubercle bacilli is based on a further application of the 
technique employed in this laboratory in culture studies of the human 
tubercle bacillus, strain H37 (1); the avian tubercle bacillus, strain 531 
(2); and the timothy grass bacillus—Mycobacterium phleii Méeller (3). 
The program of research which has been sponsored by the Research Com- 
mittee of the National Tuberculosis Association,? for the chemical frac- 
tionation and study of the tubercle bacillus and related acid-fast micro- 
organisms, has involved quantity production of these bacilli by the H. K. 
Mulford Company of Glenolden, Pennsylvania, and the Parke, Davis 
Company of Detroit, Michigan. As a preliminary investigation in cor- 
relation with the more extensive studies of the chemical nature of the 
bacilli and the culture filtrates, an analysis has also been made of weekly 
sample cultures removed during the gross production of each strain of 
microérganism. 


GROWTH OF CULTURES AND PREPARATION FOR ANALYTICAL 
DETERMINATIONS 


The methods of inoculation, culture and shipment were those de- 
scribed by Johnson and Renfrew (1). As in the previous work, duplicate 
cultures were removed at weekly intervals for eight weeks, while four 
bottles were left inthe incubator to provide samples at the end of twelve 
and sixteen weeks. The bacilli were filtered from young cultures, and 
removed from the older cultures by centrifugation. When bacilli had 
settled in the culture bottle to leave a clear supernatant fluid, the major 
volume of the clear culture fluid was often removed with a pipette (fitted 
with a syringe bulb); the residual culture was then centrifugated and 
washed with water, which had first been used for rinsing the pipette. 

1 From the Department of Chemistry, Yale University, New Haven, Connecticut. 

2 This investigation was supported by a grant from the National Tuberculosis Association. 
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TABLE 1 
Quantitative data obtained during growth of bovine tubercle bacilli (523) on synthetic medium 


SUGAR BY SHAFFER-HARTMANN 
METHOD 


Before After 
hydrolysis hydrolysis 


WEIGHT OF BACILLI DRIED AT 60° 


PERIOD 
AND HEATING AT 60° 

Cu per culture 
bottle 

Reducing sugar 

25 cc. ALIQUOT BY 
AERATION 

P2Os tN 25 cc. ALIQUOT 


PH AFTER DILUTION TO 250 cc. 
bottle 


SAMPLES IN DUPLICATE 
PH AFTER END OF GROWTH 
Cu per culture 
Reducing sugar 


grams grams 


0.0138 | 0.0274 
0.0142 | 0.0281 


> 


0.0146 | 0.0281 
0.0147 | 0.0286 


0.0194 | 0.0248 
0.0210 | 0.0281 


0.0247 | 0.0251 
0.0197 | 0.0243 


0.212) 0.098) 0.589) 0.267) 0.0076 | 0.0183 
0.009} 0.006) 0.284) 0.141) 0.0067 | 0.0189 


0.078} 0.042) 0.175} 0.116) 0.0054 | 0.0188 
0.108) 0.054; 0.360) 0.174; 0.0052 | 0.0196 


0.056} 0.033) 0.318) 0.157} 0.0066 | 0.0196) 2. 
0.024) 0.021) 0.266) 0.136) 0.0064 | 0.0200} 2.321 


0.016) 0.014; 0.135) 0.083) 0.0077 | 0.0187) 1.802 
0.013) 0.010) 0.148) 0.087} 0.0077 | 0.0190) 1.757 


0.043) 0.028) 0.302) 0.149) 0.0079 | 0.0196) 2.063 
0.021) 0.018) 0.191) 0.106) 0.0077 | 0.0189) 1.859 


0.060| 0.035] 0.356] 0.172] 0.0081 | 0.0204] 2.220 
0.055} 0.033] 0.345] 0.167] 0.0079 | 0.0193] 1.915 


0.040] 0.027] 0.197] 0.106] 0.0081 | 0.0185] 1.695 
0.034] 0.025] 0.220] 0.116] 0.0073 | 0.0179] 1.673 


* A cloudiness of the culture medium indicated contamination subsequent to filtration 


Blanks 
eid 6.4 | 6.6 0.0385 
2| 64 | 66 0.0180 
1| 6.7 | 6.7 0.118 
6.7 | 6.7 0.133 
1| 6.9 | 6.5* 0.387 
6.9 | 0.649 
1| 4.9 | 4.9 1.548 
49 | 48 1.371 
1| 4.7 | 49 1.584 
47 | 48 2.115 
1| 4.7 | 4.8 
4.8 | 4.8 
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The fractions of culture fluid were then combined and appropriated for 
analytical determinations. 


QUANTITATIVE DATA 


The analytical data are recorded in table 1. The same quantitative 
technique was employed as has been described by Johnson and Renfrew 
(1) and with slight modifications noted by Renfrew, Bass and Johnson 
(2). As will be observed, the pH readings show a persistent acid phase 
after the fourth week. Such a reaction, although frequently noted, is 
not, however, the generally typical behavior recorded for bovine tubercle- 
bacillus cultures. In a study by Henley on Reaction and Growth Curves 
of Tubercle Bacilli (4) this author notes that the growth of the bacillus 
occurs in two stages associated apparently with the two reaction stages. 
Henley also shows that his data conform to a suggestion that “the reac- 
tion during the second stage is dependent upon the rate of growth during 
the first stage.” If such an explanation were applied to the cultures of 
H37 and bovine 523 in our series of investigations, some other generaliza- 
tion would be required in grouping avian and timothy bacilli, when a 
final alkalinity was shown to develop despite early luxuriant growth. 

No copper-reducing substances were found before the fourth week of 
growth. This is in accordance with the previous observation of Henley, 
Dorset and Moskey (5), and our own observation for human tubercle 
bacilli (H37), that an increase in acidity was accompanied by an increase 
in soluble carbohydrate. The values for copper-reducing substances 
present after hydrolysis are distinctly higher than the amounts found in 
avian and timothy cultures (except timothy cultures showing marked 
autolysis), but fall considerably below the determinations for the human 
strain H37. The bovine cultures seem to contain very little directly 
reducing material. We have at present no explanation of the puzzling 
variation in carbohydrate values for the fourth, fifth and seventh weeks 
of growth. Three repetitions of these sugar determinations checked 
within 5 per cent of the recorded data. A correlation of sugar values with 
the weight of dry microdrganisms per culture might be suggested by the 
curves for the sixth and subsequent weeks; such a trend is not substan- 
tiated, however, by the fourth and fifth weeks except in the comparison 
of the individual bottles for each week. 

Under the conditions of the present experiment almost no coagulable 
protein separated from any of the bovine cultures as a result of heating at 
60°, and little further protein separated during the nitric-acid digestion 
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preceding our phosphate determinations. In all cases the volume of the 
tungstic-acid precipitate was small. Alsoit is interesting to note that the 
slight blue color, which developed with the Folin phosphotungstic- 
acid color reaction in protein-free filtrates, was too faint to permit even 
qualitative comparisons in the case of the bovine cultures. 


DISCUSSION OF CHARTS 


The charts, which are plotted in accordance with the average analytical 
values for each week as recorded in table 1, give a graphic representation 
of the data for the rate of growth of the bacilli and the corresponding 
changes in pH, ammonia, P,O;, and sugar content of the respective cul- 
ture medium. The growth, ammonia and phosphate curves are very 
similar to the curves obtained for the same factors in the study of other 
microérganisms in this series. The outstanding difference revealed by 
the analytical data thus far obtained in our comparative study is the 
individual variation in carbohydrate synthesis, or metabolism, indicating 
that we are dealing with carbohydrate linkages characteristic of each in- 
dividual bacterial organism. 


SUMMARY 


1. The growth of bovine tubercle bacilli has been followed analytically 
for a period of sixteen weeks in accordance with the methods previously 
used in this laboratory in the analytical study of human and avian tuber- 
cle bacilli and timothy grass bacilli. 

2. Carbohydrate combinations, as judged by the copper-reducing prop- 
erties of the cultures, made their appearance after the third week of 
growth. The analytical values for reducing sugars after hydrolysis were 
much higher with bovine bacilli than the determinations for avian and 
timothy cultures, but less than half the value determined for the human 
strain of tubercle bacillus, H37. 

3. The significance of these analytical values for sugar will be discussed 
in a future paper, in which the analytical data of all the microérganisms 
thus far studied from a comparative point of view will be codrdinated and 
evaluated. 
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PWD 


I. PLEURAL PERMEABILITY 


The formation and resorption of pleural fluids has been under in- 
vestigation by many different workers. We were prompted to the 
studies reported herein by various reasons. A cursory review of the 
literature has shown that, although a great many observations on 
certain separate phases are available, almost no complete studies or 
serial data are reported. Tuberculous effusions merit, in our opinion, a 
particular interest, because they represent an excellent example of the 
exudative tissue reaction in tuberculosis, whose predominating impor- 
tance in the pathogenesis of the disease is more and more recognized. 


1 From the Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), 
Northville, Michigan. 

? Read in part before the Section on Pathology at the twenty-fifth annual meeting of the 
National Tuberculosis Association, Atlantic City, New Jersey, 1929. 
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Regardless of the likely results, it has seemed important enough to 
collect observational data to supplement the more isolated findings in 
the literature. 

Most of the early work on effusions in serous cavities was prompted 
by either one of two questions: (1) Which are the channels by which 
effusions are resorbed? (2) Does resorption occur on account of physico- 
chemical forces (osmosis) only, or do certain living cells exert an active 
secretory function? 

The discussion, here, will be limited to resorptive phenomena only, 
both in quantitative and qualitative regards. A large variety of sub- 
stances has been injected into serous cavities for either one of the two 
reasons mentioned above. 


1: Soluble Material: The earliest worker, to our knowledge, who in- 
jected the pleural cavities in animals and observed the resorptive proc- 
esses, was Dybkowsky (48) (1866). Henoted prompt resorption of filtered 
milk, Orlean-suspension, dissolved Berlin-blue, carmine and dextrose. 
He found, too, that, while these materials were resorbed, there occurred 
simultaneously an influx into the pleura of certain compounds from the 


blood. Starling and Tulby (145) stated that indigo-carmine, physiologi- 
cal salt solution, 5 per cent peptone solution, dextrose, 10 per cent sodium 
chloride, and defibrinated blood were readily resorbed by blood-vessels; 
the administration of lymphagogues did not change the rate of resorption. 
On the basis of experiments with isotonic, hypotonic, and hypertonic 
salt solutions, Leathes and Starling (102) stated that the entire mechan- 
ism of resorption of isotonic, hypotonic, and hypertonic salt solutions 
can be explained by the assumption that the pleura is a semipermeable 
membrane which offers greater resistance to the passage of salts than 
to that of water. The resorptive power was, in their experiments, not 
altered by solutions hot enough to cause damage to the pleura. Ham- 
burger (64), experimenting on the resorption from the peritoneal and 
pericardial cavities, came to the conclusion that an injected fluid is 
first changed to isotonicity with the blood-serum, and that then resorp- 
tion occurred, maintaining the isotonic equilibrium. During this 
process there takes place an interchange of substances between cavity 
and blood in either direction. While ligation of the thoracic duct does 
not change this mechanism, ligation of the renal arteries disturbs the 
osmotic regulation and resorption becomes deficient. These conclusions 
were reached after extensive experimentation with isotonic, hypotonic, 
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and hypertonic solutions of sodium chloride, potassium nitrate, sodium 
sulphate and cane sugar. Neither chemical nor thermal injuries to the 
serous membranes prevented resorption as described. Grober (58) 
confirmed the findings that only an isotonic solution can be resorbed 
by the pleura; he used in his experiments distilled water, sodium-chloride 
solutions, methylene blue and tincture of iodine. Katsura (87) reported 
observations on resorption from the pleura of dyes, such as phenol- 
sulphonephthalein, indigo-carmine, fuchsin, and congo red. His results 
with observation periods of not more than seven hours would indicate 
efficient resorption of all the dyes mentioned. 

All these animal experiments demonstrated a high power of resorption 
of the pleura for water-soluble substances. Several authors state that 
neither chemical nor thermal injuries alter the rate of resorption. In all 
these experiments, however, the injury was administered simultaneously 
with the injection of whatever fluid was to be resorbed, thus imitating 
the condition of acute inflammation only. That chronic inflammatory 
changes alter the permeability of the pleural membrane considerably 
will be shown later. 

The rate of resorption (for potassium iodide and methylene blue) is 
increased considerably if the animal is exposed to a carbon-arc lamp 
(Bittorf and Steiner) (17). The resorption of potassium iodide is 
decreased by the establishment of pneumothorax on the injected side, 
after ligation of the homolateral pulmonary artery or of the pulmonary 
vein (Naegeli) (115). No resorption of physiological salt solution occurs 


2: Particulate Matter: Almost all injection experiments with particu- 
late matter were done in order to establish the anatomical route by 
which resorption from the pleura takes place. There seems to exist fair 
agreement that the transport of particulate matter occurs chiefly through 
the lymph-channels in the costal pleura and to a lesser extent in the 
mediastinal pleura (Fleiner) (49). The fact that the bronchial lymph 
nodes never contain material injected into the pleural cavity may be taken 
as proof for the statement that no resorption takes place through the 
pulmonary tissue. W. S. Miller’s (112) studies on the lymphatics of the 
lung provide the anatomical basis for these physiological observations. 
The various materials used for the demonstration of the lymphatic 
transport were as follows: Orleans-suspension, precipitated Berlin- 
blue (Dybkowsky) (48); blood, india ink (Fleiner) (49); cinnabar, 
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starch, avian erythrocytes (Beck) (9); defibrinated blood (Starling and 
Tulby) (145); india ink (Grober (58), Bettman (11)); bismuth subnitrate 
(Koch and Bucky) (92). The latter authors made their observations 
roentgenologically. Bettman (11) found that if india ink is injected 
into a pneumothorax resorption is much slower, and heavy deposits of 
carbon particles are found in the visceral pleura several days after the 
injection. It is noteworthy to mention in this connection that particles 
which are injected into the bronchial tree may be excreted into the pleural 
cavity. Kuttner (100) mentions this occurrence after intratracheal 
injections of precipitated sodium indigo sulphate, and Grawitz (57) after 
intratracheal insufflation of coal, iron and cinnabar dust. 


3: Fats: Hinault (71) is quoted by Binet (13) as having found that 
gomenol injected intrapleurally into a dog underwent slow resorption; 
twenty-three days after the injection, 20 per cent of the original amount 
had been resorbed. Binet and Verne (14) injected intrapleurally olive 
oil colored with Sudan III and scarlet red, iodized oil, and lipiodol. 
They found rapid resorption, some of the fat could be demonstrated 
in the lung, and the pleural surface showed many new-formed little villi, 


which were richly vascularized and through which the resorption of the 
fat took place. The fat-soluble dyes are not absorbed but remain in the 
pleural space, while the fat droplets found in the lung tissue are free 
from dye. Bratianu (23) observed complete resorption of sterile fat 
obtained from rabbits and pigs,—from the pleural cavity of rabbits 
without apparent injury to the tissue. 

All observations quoted above prove the high degree of permeability 
of the pleural membrane. Little, however, is known of the quantitative 
relations during the process of resorption. We decided, therefore, to 
carry out a few experiments on animals which would show not only the 
result of resorption, but its various phases as well. 


4; Experiments on Rabbits: In all these experiments, a slight pneumo- 
thorax was first established on the right side. This was done by introduc- 
ing an 18-gauge needle with semiblunt point between two ribs; the 
needle was connected with a manometer; some air was injected with a 
syringe as soon as definite respiratory excursions were noted. Holding 
the needle in the same position, 10 cc. of fluid were introduced into the 
thoracic cavity. The animals were killed 5, 73, 15, 30, 45, 60, 120, 180 
and 240 minutes following the injection. The remaining pleural fluid was 
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collected and measured and analyzed for various constituents. Imme- 
diately before killing each animal, blood was obtained from a carotid 
artery, and the same tests were performed on pleural fluid and blood. 

In a first series rabbits were injected with 10 cc. of sterile distilled 
water. In figure 1, the results are shown graphically. There is a rapid 
influx of constituents of the blood into the pleural cavity; this does 
not proceed at the same rate for the various constituents examined, 
indicating a varying degree of permeability for different substances. 
It is noteworthy, for example, that glucose passes more readily through 
the pleura than most inorganic substances with smaller molecules. 
The total volume of fluid found in the pleura was 8.7, 7.5, 5.8, 3.4, 3.2, 3.1, 
2.1, 3.2, 5.8 cc. At the end of six hours the pleural cavity was dry. 
It is seen, then, that resorption proceeds before isotonicity is reached, 
and that the final rapid resorption occurs when isotonicity is more or less 
completely established. 

In a second experiment a hypertonic solution was injected, which 
contained glucose, potassium chloride and calcium lactate. Analysis 
of this solution yielded the following values: glucose, 472 mgm.; potas- 
sium, 432 mgm.; calcium 44.5 mgm., and chlorides, 357 mgm. per 100 cc. 
Figure 2 represents the data on this set of experiments. Here, again, is 
proof for the high degree of permeability of the pleural membrane. 

Similar experiments were performed with a one per cent congo-red 
solution and with egg-white. Although resorption was much slower 
with these substances resorption was complete within a few days, and 
it was found again that, while fluid is eliminated from the pleural cavity, 
blood constituents pass from the blood into the pleura. 

Previous experiments and our own establish these outstanding facts: 
(1) The normal pleura is permeable in either direction to (probably all) 
chemical constituents of the blood; (2) the permeability is not of the 
same quantitative order for all constituents; and (3) the normal pleura 
tends rapidly to resorb artificially introduced fluid. 

The question must then arise whether in the diseased pleura the 
permeability is changed in such a way as to inhibit the free exchange of 
substances between blood and pleural space, a condition which is ap- 
parently necessary for the maintenance of normalconditions. Marked 
deviations from equality of concentration of constituents in blood and 
pleural fluid would indicate such a change in part or im toto. 
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TABLE 1 


PREDOMI- 

NANT TYPE OF 

PULMONARY 
LESION 


INTERVAL BETWEEN 
WITHDRAWAL AND 
DISAPPEARANCE OF FLUID 


SYMPTOMS AT 
ONSET OF FLUID 


FA 
Prod. 


Mod. A 
Exud. 
Cav. 


Mod. A 
Exud. 
Cav. 


FA 
Prod. 
Cav. 


FA 


FA 


90 
68 


180 
148 
114 


Fluid persisting 15 
months after 
first puncture 


Fluid persisting 15 
months after 
first puncture 


60 
30 


150 
75 


10 


Fluid persisted 


None 


Temp. 101°, 
nausea, 
rapid loss 
of weight 


None 


Chill, temp. 
100° 


Sharp pain, 
temp. 102- 
103° 


Slight pain 


Temp. 100°, 
severe pain 


Pain, temp. 
to 102° 


None 


Effusion; recurred; 
finally oblitera- 
tive pleuritis 


Effusion recurring 
and persisting 


Effusion _ recurring 


and persisting 


One brief recurrence 


One brief recurrence; 
obliterative pleu- 
ritis 


Patient died 14 years 
after puncture 


Patient had no 
pneumothorax 
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18 | HE | Mod. A 1 25 P| 
Exud. 
Cav. 
19 | YO | FA 12 170 
Exud. 
Cav. 
Prod. 
j Cav. 
| 21 Mod. A ? 270 ? 
Cav. 
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TABLE 1—Concluded 


PREDOMI- 
NANT TYPE OF SYMPTOMS AT 
AND ONSET OF FLUID 


PULMONARY 
LESION DISAPPEARANCE OF FLUID 


FA 80 Fever, pain | Spontaneous pneu- 
Prod. mothorax at on- 
Cav. set of effusion 


FA Fluid persisted Chill, temp. | Patient died 5 
Exud. 101°, pain months after 
Cav. puncture 


FA Persisting for at | Chill, temp. | Severe diabetes mel- 
Exud. least 8 months 101°, pain litus 
Cav. 


27 Mod. A 42 | Persisting for at | Temp. 102° 
28 Exud. 79 least 10 months 
29 Cav. 119 


30 FA 105 | Persisting for at | Temp. 101°, | Obliterative pleu- 
31 Prod. 119 least one year pain ritis 
32 Cav. 131 


II. WORK ON PLEURAL EFFUSIONS IN PATIENTS WITH PULMONARY 
TUBERCULOSIS 


In accordance with the question stated above, it was decided to make, 
as complete as technically possible, an analysis of pleural effusions 
simultaneously with that of the blood. These data were to be supple- 
mented by cytological and bacteriological observations. 

All but one of our patients were under treatment with artificial pneu- 
mothorax. We report on 32 specimens from 16 different patients. 

In the following pages the individual specimens will be referred to by 
current numbers from 1 to 32. By this method of presentation it is 
possible for the reader to correlate all data for each specimen and for 
each patient. 

Table 1 summarizes the essential clinical data for each specimen. 

The classification of cases in the preceding table is made on the basis 
of the anatomical extent of the lesion, regardless of the presence of 
cavities, since all but one patient (SA) in this series had cavities. 


1: Collection of Specimens: The patients omitted breakfast the day of 
the collections. 
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Pleural Fluid (F): Puncture was made under novocaine anaesthesia. 
Approximately 50 cc. were collected sterile under neutral paraffine, by 
means of a hand-suction pump, for chemical study. A smaller portion 
was obtained by syringe and free from oil, for cytological study. Usually 
as much fluid as possible was subsequently withdrawn. An anti- 
coagulant was needed for the fluid of only one patient, a case of spon- 
taneous effusion without pneumothorax. 

Blood (B): Approximately 35 cc. of blood were collected without the 
use of a tourniquet, under neutral paraffine oil. Heparin was not found 
to be a satisfactory anticoagulant, because of the clotting resulting on 
agitation and dilution, particularly in the plasma. Lithium citrate was 
used, in the proportion of 2mgm.pericc. blood. It was not alwaysentirely 
effective. Lithium citrate was employed because it offers the obvious 
advantages of not interfering with sodium, potassium, or calcium deter- 
minations. Briggs (24) and Stanford and Wheatley (144) found that 
lithium citrate did not interfere with calcium estimations; Stewart and 
Percival (148) found that centrifugated citrated plasma yielded somewhat 
lower figures for calcium than the uncentrifugated citrated plasma, 
indicating some precipitation of calcium citrate, but their citrate con- 
centration was two to eight times that employed by us. That a large 
amount of calcium citrate exists in solution in unionized form was proved 
by conductivity experiments on mixtures of calcium chloride and sodium 
citrate (Shear and Kramer) (142), but the solubility of calcium citrate 
Ca3(C.H;O7)2, 4 HO, as given in the fifth edition of Landolt-Bornstein 
is slightly larger than the amount of calcium citrate which could be 
formed in blood, so that loss of calcium by precipitation was not to be 
feared in our experiments. 


2: Treatment of Specimens: Immediately after collection of the speci- 
mens, sufficient blood and pleural fluid were centrifugated under oil for 
the determination of the plasma pH, plasma CO.-combining power, 
plasma potassium, plasma total phosphorus, plasma total nitrogen, and 
plasma proteins. Additional plasma was used to prepare trichloracetic- 
acid filtrates for the determination of inorganic phosphorus, inorganic 
sulphur, and nonprotein nitrogen. Tungstic-acid filtrates were prepared 
from the whole blood and fluid for the estimation of glucose, lactic acid, 
urea nitrogen, nonprotein nitrogen, uric acid, creatinine, creatine plus 
creatinine, amino-acid nitrogen, and chlorides. Alcohol-ether extracts 
of the whole blood and fluid were made for the determination of cho- 
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lesterol and fatty acids. An alcohol extract of the fluid was made for 
the estimation of salicylate in certain cases in which this drug had been 
administered. The plasma for the remainder of the blood and some 
of the fluid was used for the estimation of sodium, calcium and mag- 
nesium. The specific gravity of the whole pleural fluid was also 
determined. 


3: Chemical Findings: All of the analytical data will be presented in 
three general tables; a discussion of the results obtained for each con- 
stituent or property studied will be presented separately, with a brief 
résumé of the literature on the subject. The corresponding data for 
blood and pleural fluid will be found in adjacent, vertical columns, 
headed B and F, under the name of the constituent or property; data 
from each patient are grouped. The average value will be found at 
the base of each column; the maximum and minimum values are printed 
in bold-face type. There will also be found at the base of the table the 


expression B -- which refers, for each constituent, to the average 


difference between the concentration in the blood and that in the pleural 
fluid, in per cent of the blood value; differences not truly representative 
are in parentheses. 


Plasma pH 


Van Slyke (154) suggests that the extremes of reaction in the blood 
compatible with life are approximately pH 7 and 7.8, the normal range 
being within 7.3-7.5. Blood alkalinity is usually diminished in pul- 
monary tuberculosis, the fall being more marked in exudative than in 
fibroid and productive phthisis (Kahn) (85); the decrease is roughly 
parallel with the extent and activity of the process; during exacerbations 
hyperalkalosis is observed, followed by hypoalkalosis. In guinea pigs 
infected with tuberculosis the blood pH increases with the progress of 
the disease, the rise being greatest at the moment of generalization 
(Arloing, Cluzet, Kofman) (4). On the other hand, Zain (164) states 
that the pH of the blood of tuberculous rabbits is not definitely changed 
from normal. 

The statements concerning the reaction of effusions are less conflicting, 
however. According to Schade, Neukirch and Halpert (136), the pH 
of transudates is 7.15-7.25, of serous exudates 7.00—-7.10, of chronic 
purulent exudates 6.55-7.00, of acute abscess pus 5.95-6.50. Definitely 
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higher values are given by Melli (109); for exudates 7.36-7.60, and for 
transudates 7.70-8.40; he adds that the explanation of the differences 
from the reaction in the blood is the Donnan equilibrium involving lower 
albumin contents in the fluids, although the pH differences are not 
strictly proportional to those in albumin. According to Schade and 
Claussen (134), inflammatory processes increase the acidosis of the tissue 
juice; pleural exudates have a pH of 7.30-6.17, pus from cold abscesses 
7.21-7.12, pus from tuberculous coxitis 7.02-6.79; the more acute the 
condition is, the lower the pH of its exudate; the optimal pH for the 
growth of tubercle bacilli in artificial media coincides exactly with the 
pH of acute exudate, 6-6.5. Koldajew and Kutzenok (94) give the pH 
of pus in closed tuberculous abscesses as 6.8-7.3, the occurrence of a 
mixed infection lowering the value, suppurations of nontuberculous 
origin having a pH of 5.8-6.8. 

The pH determinations were made according to the colorimetric 
method of Cullen (38); modifications consisted of using only one-fourth 
as much plasma and reagents as usual, and less closely graduated stand- 
ards. Myers (114) states that, whether whole blood or plasma is used, 
the result appears to be that of the plasma. The results are recorded 
in table 2. 

Since it was not possible to check the buffer standards by electrometric 
means, no great accuracy is claimed for the absolute pH values found, 
but the relative values for blood and fluid are correct. In only two cases 
was the fluid more alkaline than the blood. In seven cases they had the 
same pH. ‘Twenty-two fluids were more acid than the blood. It is, 
therefore, permissible to say that the blood often has a pH approximately 
3 per cent higher than that of the fluid (approximately 0.2 of a pH unit); 
occasionally it has the same pH, but very rarely a lower one. The only 
purulent fluid (20) had a normal alkalinity, and the most acid fluid (19) 
was not purulent. 


Plasma Carbon-Dioxide Combining Power 


It appears to be the general opinion that in tuberculosis patients the 
carbon-dioxide combining power is slightly decreased. According to 
Hachen (62) the slight decrease occurs as the disease progresses and 
shortly before death reaches a minimum of about 50 volumes per cent. 
Miller (112) found it very slightly less than in normal controls; he found 
no relation between the carbon-dioxide combining power and body 
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temperature; he found no evidence of blood-alkali depletion or acidosis. 
Sweany (150) states than an average of a large series of tuberculosis 
patients indicates a decreased alkali reserve, the values being well within 
normal limits, but 4 to 5 volumes per cent lower than for a grand average 
of apparently healthy individuals; he found female patients uniformly 
to have values 2 to 3 volumes per cent lower than male patients, and 
children and old people have still lower alkali reserves; fibroid cases 
have a higher average than those with the same amount of, but more 
acute, involvement; certain far-advanced cases gave relatively high 
readings. Pomplun (124) points out that there will be no increased 
carbon-dioxide content in the arterial blood unless there is a sufficient 
pulmonary destruction to decrease the elimination of carbon dioxide. 
The blood values given by Van Slyke, Cullen, Stillman and Fitz (156) 
were used, of course, as standard: extreme limits for the normal resting 
adult, 77-53 volumes per cent; mild acidosis, no visible symptoms, 53-40. 

The alkali reserve is lower in exudates than in serum (Zunz) (166). 
Extravasates of mechanical origin have about the same carbon-dioxide 
combining power as the blood; inflammatory extravasates show an 
increase or a decrease, and both may occur at different stages in one 
patient, according to Carlier (28). All the exudates studied showed a 
tendency toward acidity, as indicated by carbon-dioxide combining 
power and pH, the acidity being more marked in the purulent exudates 
(Schade, Claussen, Habler, Hoff, Mochizucki, Birner) (135). 

The ordinary Cullen and Van Slyke (39) procedure was followed in our 
determinations. The results are recorded in table 2. 

Half of the bloods lay between 61.2 and 67.4, and half of the fluids 
between 50.5 and 54.3; but few cases had values for both blood and 
fluid in these narrow ranges. In 28 out of 30 pairs of bloods and fluids 
the blood plasmas had an appreciably higher alkali reserve than the 
fluids (averaging 17 per cent higher); in only two cases was the fluid 
plasma superior to the blood plasma, and it is worth noting that the 
first of these (case 1) also showed less than the average difference in pH 
between blood and fluid, and in the second (case 22) the pH of blood and 
fluid was the same. The converse relation, however, does not appear to 
hold; the other pairs of bloods and fluids having identical pH values 
(cases 10, 12, 16, 17, 24, and 29) still show higher alkali-reserve values 
for blood plasma than for fluid, and the same relation holds for case 23, 
whose fluid was distinctly more alkaline than was the blood plasma. 
Case 20 had the only truly purulent fluid; its pH and carbon-dioxide 
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combining power were both average. Good parallelism was found when 
the values for the carbon-dioxide combining power of the blood were 
plotted against those for the pleural fluid. 


Nonprotein Nitrogen 


Tscharny and Krassowitzkaja (153), in studies which they assert 
confirm the theory that one function of the lung, aside from respiration, 
is retention of nitrogen, observed that the collapse of a considerable part 
of the pulmonary tissue causes an increase of 30 to 70 mgm. per 100 cc. 
in the nonprotein nitrogen of the venous blood; in patients with pneumo- 
thorax the increase is in direct proportion with the amount of compres- 
sion; the nonprotein nitrogen may increase 100 to 200 per cent. Accord- 
ing to Sweany, Weathers and McCluskey (151), the blood urea, uric 
acid, and nonprotein nitrogen are all depressed slightly in severe cases 
of tuberculosis, and elevated above normal in the mid-groups; the actual 
figures range from 15.5 to 44 mgm. per 100 cc. Orsi and Villa (120), 
in a comparative study of the composition of blood and serous discharges, 
reported that nonprotein nitrogen and urea varied within narrow limits. 
Javal (79) found the nonprotein nitrogen of pleural fluids to be almost 
identical with that of the blood, although just what compounds were 
included in this nitrogen fraction is doubtful since the protein precipitant 
was not mentioned. Foord, Youngberg and Wetmore (55) observed 
slightly higher values in pleural fluids from cases of primary than from 
secondary tuberculosis, ranging from 22.7 to 34.7 for both. Hiruma (72) 
stated that transudates have the same nonprotein nitrogen as the blood, 
but exudates have more, and that the content is increased after tapping. 
The Koch-McMeekin (93) method was used for the determination of 
nonprotein nitrogen; 2 cc. of filtrate were used, and a final volume of 25 
cc. after Nesslerization. The usual figures of 20 to 35 mgm. per 100 cc. 
were taken as normal, for blood. The results are recorded in table 2. 

Only one-third of the bloods had a normal nonprotein nitrogen content, 
the other two thirds having some retention. Fluid 13 did not have 
abnormally high values for the other nitrogenous constituents, so the 
“rest N’’ must have been unusually great. The bloods averaged a 
21.3 per cent higher nonprotein nitrogen than the fluids; the range is also 
greater for the blood. On plotting the blood values against the fluid 
values, fair parallelism was obtained, with some scattering. 
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Urea Nitrogen 


Carriére (29) stated that sugar and urea were present in exudates and 
transudates. Javal (79) found a wide range (18-231 mgm. per 100 cc.) 
for the urea nitrogen in fluids, and the values were very like those for 
the blood. Javal and Adler (80) observed that the fluid urea varies with 
the blood urea. Foord, et al., (55) give the following figures for primary 
and secondary tuberculosis and nontuberculous pleurisy, respectively: 
Maximum, minimum and average: 16.1, 10.6, 13.6; 16.1, 9.1, 11.9; 18.1, 
9.8, 12.6. Denis and Minot (44) state that transudates and exudates 
contain urea, uric acid and creatinine in the same concentration as in the 
blood. Normal figures for the most part, but a few showing urea reten- 
tion, are given by Wells, DeWitt and Long (158) in their summary of the 
literature. The figures for blood urea in tuberculosis given by Sweany, 
et al., (151) range from 7.0 to 28.1, with the average values for nine 
different groups of patients lying between 10.4 and 16.2. The usual 
figures, 12-15, were considered as normal values for the blood-urea 
nitrogen. The determinations were carried out according to the method 
of Koch (91). The results are recorded in table 2. 

The range is somewhat greater in the fluid. In 6 cases the fluid 


contained more urea than the blood, the minimum value for = being 


—33 per cent. In 18 cases the blood contained more urea than the 
fluid, the maximum difference being 75.1 per cent. The average of all 
the cases indicated that the urea content of the blood is 31.5 per cent 
higher than that of the fluid, but this average is of course not truly 
representative. When the blood values are plotted against those of the 
fluid, only fair parallelism is obtained, with considerable scattering. 


Preformed Creatinine 


The values for preformed creatinine in the blood in tuberculosis given 
by Sweany, ef al., (151) ranged from 1 to 2 mgm. per 100 cc., the averages 
for nine groups of patients varying from 1.4 to 1.8; that is, no abnorml 
values at all were reported. Brogsitter and Kraus (26) report four pairs 
of blood and fluid (tuberculous pleuritis) values, the fluid containing 
slightly more creatinine than the blood in three cases, but the figures all 
lay between 2.10 and 2.45. Foord, e¢ al., (55) report averages of 1.3, 1.3, 
and 1.4 (with a total range of 1.1-2.1) for fluids from primary and 
secondary tuberculous and nontuberculous pleurisies, respectively. 
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The method used for the estimation of creatinine was that of Folin 
(50). The results are recorded in table 2. 

In 22 of 24 cases the blood contained more creatinine than the fluid, 
but the average difference was only 8.6 per cent. None of the figures 
were abnormal. It may be of significance that the two fluids which 
contained more creatinine than the blood also contained more urea than 
the blood and showed similar departures from the average behavior in 
respect to other constituents. The range of concentration was found 
approximately the same in blood and fluid. When the values for fluid 
and blood were plotted against each other, good parallelism was found. 


Amino-Acid Nitrogen 


In a study of 200 cases of pulmonary tuberculosis Hantschmann and 
Steube (66) frequently found an increase in the content of amino-acid 
nitrogen in patients with recent processes or exacerbations, and low 
values were often observed in those with cachexia or chronic under- 
nourishment. Sweany, ef al., (151) found that the amino nitrogen did 
not vary from the normal, except to decrease in extremely ill patients or 
to increase in cases of retention; the average figures for nine groups of 
patients lay between 5.7 and 7.6. Hiruma (72) says that the amino-acid 
nitrogen is the same for exudates and transudates as for serum. Loeper, 
Decourt and Tonnet (104), in their detailed study of this subject, point 
out that although it is not impossible for amino acids to diffuse into the 
fluid from the blood, one very important source is the pathological state 
of proteolysis, either septic or aseptic, in exudates; the amino acids arise 
from tissue as well as ingested protein, and vary from day to day with 
the destruction of protein; they arise both in exudates of inflammatory 
and mechanical origin, but the content is less in the latter; haemorrhagic 
fluids contain more than serofibrinous ones; purulent contain more than 
serous; exudate more than transudate; “polynuclear” fluids more than 
lymphocytic; tuberculous pus less than banal pus; the amino-acid content 
of the blood is greater than normal and varies with the content in the 
fluid, although the parallelism is not so good with purulent exudates. 
Much earlier, Opie (119) observed that the serum of inflammatory 
exudates has the power (presumably originating in the blood) of inhibit- 
ing the action of proteolytic ferments contained in the leucocytes. The 
usual figures of 6-8 mgm. per 100 cc. were taken as normal. 

The colorimetric method of Folin (50) was used for the determination. 
The results are recorded in table 2. 
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In 29 out of 32 cases the blood contained more amino-acid nitrogen 
than the fluid, the average difference being 23.1 per cent. Only one of 
the other three fluids contained appreciably more than the blood (case 
18). The range for the fluid was found to be larger than for the blood. 
Values above the upper normal limit (8) were found in one-fourth of the 
bloods. Not much parallelism was found when the blood values were 
plotted against those for the fluids, and there was marked scattering. 


Lactic Acié 


The normal blood content of lactic acid, according to Jervell (81), 
is 20-30 mgm. per 100 cc.; in advanced tuberculosis, due perhaps to 
anaemia, high values are found. Barnett and McKenney (8) reported 
that transudates contain less than the blood, but exudates give high 
values, especially serofibrinous and purulent ones. Scheller (138) states 
that pleural transudates have the same sugar and lactic-acid concentra- 
tion as the blood; sterile lymph and leucocytic effusions have 17-32 mgm. 
lactic acid per 100 cc.; purulent pleural infections result in complete 
disappearance of glucose and high lactic-acid values, but pleural tran- 
sudates and exudates show no evidence of glycolysis as long as purulent 
processes are absent. Exudate leucocytes metabolize glucose, partly 
with production of carbon dioxide, but chiefly with production of lactic 
acid (Bakker) (6). 

The determination was made by the method of Mendel and Gold- 
scheider (110), with the exception that tungstic-acid filtrates rather than 
metaphosphoric-acid filtrates were used, experience having shown that the 
values would be identical, and a saving of blood accomplished. The 
results are recorded in table 2. 

Irregularity is obviously a characteristic of the lactic-acid content 
in our cases. The large number of bloods with more than the normal 
content is not very significant, for no attempt was made to have the 
patients in a resting state before the samples of blood and fluid were 
taken. If by “high” lactic-acid content in the pleural fluid is meant one 
above the normal value for blood, then cases 5, 7, 8, 9, 15, 18 and 19 
present high lactic-acid values in conjunction with very low sugar values 
in the fluid. But cases 3, 4, 6, 11 and 16 also contained very little 
sugar in their fluids and the lactic-acid content was that of normal blood. 
Quite good parallelism between the lactic-acid contents of bloods and 
corresponding fluids was observed in the plotted figures, as would be 
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expected from the fact that in only one-third of the cases studied was the 
difference between blood and fluid content more than 9 per cent. 


Cholesterol 


After summarizing the literature on the subject of the blood cholesterol 
in tuberculosis, Wells, DeWitt and Long (158) found a general agreement 
that with advanced tuberculosis there is a marked decrease in the cho- 
lesterol content of the serum, but in early cases normal or even high figures 
may be obtained. More recently Jullien (83) said that no relation 
between the blood cholesterol and tuberculosis could be found. Bab- 
arczy (5),in a study of 41 tuberculosis bloods, found normal, decreased or 
increased values; he believed that the exudative or proliferative character 
of the disease influences the cholesterol content. Pinner, Knowlton and 
Kelly (123) found blood-cholesterol values ranging from 71 to 209 on 
140 tuberculous patients; 30-mgm. variations were observed in a normal 
man and anormal woman. The results of single analyses on 71 patients 
and repeated ones on 38 indicated either increased or decreased cho- 
lesterol content in tuberculosis (Eichelberger and McCluskey) (48a). 
Sweany, Weathers and McCluskey (151) were able to confirm other 
workers in the finding of a decreased cholesterol content in patients with 
the exudative type of lesion; they also found a marked increase, roughly 
proportional to the involvement, in far-advanced quiescent patients; 
they stated further that most tuberculosis patients give cholesterol values 
within normal limits; rising values are associated with improving con- 
dition, and falling values with unfavorable change in condition; they 
found values from 111 to 305; they did not, however, find the highest 
values associated with the presence of the most pus. Shope’s (143) 
results with cholesterol changes in tuberculous guinea pigs were in 
contrast to those found in human beings and to those found by Jaffé 
and Levinson (77a) in rabbits, no rise at onset or terminal fall being 
observed. Cholesterol in pleural fluids, according to authors quoted by 
Bezangon and Weil (12), may be as high as one gram per litre, and varies 
with the fatty-acid content; certain cholesterol pleurisies are in a separate 
class, being from old latent, chronic pleurisies accumulating even for 
20-40 years, the cholesterol in these apparently being formed in situ, 
probably from decomposition of the leucocytes and inflamed pleural 
elements. An example of this special type of fluid is one described by 
Schulman (141), which contained 9.73 per cent cholesterol, 6.43 per cent 
protein, and 0.05 per cent chlorides, and had a specific gravity of 0.9181. 
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Wells, DeWitt and Long (158) quote several authors who suggest that 
old fluids or cases of hypercholesterolaemia show a very high cholesterol 
content in the pleural fluid, with a final fall on repeated aspirations. 
Foord, Youngberg, and Wetmore (55) gave a range of 80 to 212 mgm. 
per 100 cc. for the cholesterol content of 15 pleural fluids, and concluded 
that the cholesterol content varied and was of no value for differential 
diagnosis. Bonamour, Révol, and Rouché (19) decided that an original 
fluid content of 0.6 per cent cholesterol or more with a lymphocytosis 
meant tuberculosis, and that a lower persisting content meant no tuber- 
culosis; they also found the blood cholesterol to run parallel with the 
clinical course. 

The determination was carried out by the saponification method of 
Bloor, Pelkan and Allen (18); 2.5 cc. of whole blood and fluid were made 
up to 50 cc., and duplicate 20-cc. portions of filtrate used for analysis. 
The normal serum or plasma cholesterol, according to Chauffard, Laroche 
and Grigaut (33), is 150 to 180 mgm. per 100 cc., or about 140 to 170 
for whole blood, so that it was permissible to compare the content of the 
whole blood with that of the fluid. The results are recorded in table 2. 

The range for the fluid was over 50 mgm. greater than for the blood, 
extending both higher and lower. The blood averaged 30 per cent more 
cholesterol than the fluid, 23 out of 25 cases showing very appreciably 
more in the blood. Two fluids, from cases 20 and 23, showed appreciably 
more (again about 30 per cent) in the fluid; case 20 had the only 
definitely purulent fluid; case 23 was not distinctive in any other property 
so far discussed, except that the fluid was more alkaline than the 
blood. Although the number of cases with serial analyses is small, it is 
of interest to observe that those in which the fluid was subsequently 
absorbed (4, 5; 7, 8, 9; 15, 16) showed a rising cholesterol content in 
both blood and fluid, while the cases in which fluid persisted (11, 12; 
24, 25; 27, 28; 30, 31, 32) showed a falling cholesterol content in both 
blood and fluid. When the corresponding blood and fluid contents were 
plotted, with the exception of cases 20 and 23, good parallelism was 
obtained. 


Fatty Acids 


Bezancon and Weil (12) state that fatty substances are relatively high 
in pleural fluids. Fats are lower in transudates than in exudates, the 
latter approaching the values for blood (Denis, Minot) (44). Total 
blood fatty-acid values were within the normal range in tuberculosis, 
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according to Henning (69). Khouri (90) reported a milky pleural fluid, 
slightly alkaline, of specific gravity 1.022 and containing 7.86 per cent 
solids, 6.09 per cent nitrogen and no glucose, which contained no fatty 
acids or cholesterol, but tubercle bacilli and fine fatty granules were 
present. Sweany, Weathers, and McCluskey (151) found the rise and 
fall of blood-fat to parallel that of cholesterol, in agreement with Henning 
(69); the average figures for seven groups of patients lay between 170.4 
and 250.5 mgm. per 100 cc Much confusion of the terms “fat” and 
“fatty acid” was encountered in the literature. 

The fatty-acid determination was carried out by the nephelometric 
method of Bloor, Pelkan and Allen (18), after the determination of 
cholesterol. The results are recorded in table 2. 

Four-fifths of the cases showed, and usually appreciably, higher values 
for the blood than for the fluid, averaging 23.1 per cent higher; those 
whose fluid yielded a higher total content of fatty acids than the blood 
were all cases of persisting fluid. The bloods which contained less fatty 
acid than the corresponding fluids were not inferior in cholesterol content. 
A noteworthy feature of the values for the fluids is the division into two 
widely separated groups: below 251 and above 322. There were 14 
fluids below 251, and 11 above 322. The corresponding blood figures 
were not as sharply differentiated, but the 6 lowest blood figures occurred 
in cases with low fluid figures, and the 6 highest blood figures in cases 
with high fluid figures. The high-content fluids were also the ones which 
most closely approached the blood content or exceeded it. The figures 
for blood and fluid, when plotted against each other, showed some 


parallelism. 
Plasma Inorganic Sulphur 


In normal persons the inorganic sulphur is limited to the plasma; in 
nephritis with sulphur retention there is apparently diffusion into and 
retention by the cells; there is no apparent direct relation between the 
retention of nonprotein nitrogen and sulphur, or chloride and sulphur 
(Denis, Herrmann, Reed) (43). The figure given for normal serum 
sulphate by Heubner and Meyer-Bisch (70), more than 0.02 per cent, 
or 6.7 mgm. sulphur per 100 cc., seems very high when compared with 
that of Denis and Reed (43a) for plasma inorganic sulphur, 0.87 (0.5- 
1.12) mgm. per 100 cc.; the former authors also state that the inorganic 
(sulphate) sulphur in exudates represents two-thirds of the total sulphur. 
Bezancon and Weil (12) state that sulphur is found in pleural fluids as 
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in the blood. According to Carriére (29), the concentration of sulphate 
in fluids varies from 0.001 to 0.010 gm. per 100 cc. and is especially great 
in tuberculosis (the figures corresponding to 0.33-3.33 mgm. of sulphur 
per 100 cc.). In either septic or aseptic effusions sulphur arises from 
autolysis or proteolysis; the blood sulphur increases, due to the rich 
store in the exudate; it is more abundant in inflammatory fluids than 
in those of mechanical origin, and pneumococcic pus contains more than 
tuberculous pus; there is a certain parallelism between the increase in 
amino acids and sulphur; sulphate sulphur figures from 5.5 to 7.3 have 
been found in cold abscess, pyopneumothorax, inflammatory, mechani- 
cal, cardiac and haemorrhagic pleurisies (Loeper, Decourt, Tonnet) (104). 

Sulphate sulphur was determined by the nephelometric method of 
Denis and Reed (43a). The amount of trichloracetic-acid filtrate used 
was cut to 5 cc. and the proportions of reagents reduced accordingly; 
no difficulty was experienced in making readings on this small volume. 
The results are recorded in table 3. 

In 10 out of 18 cases the blood contained more than the fluid; in the 
other cases, the relationship was reversed; hence, the average difference 
is of no significance. When the blood values were plotted against those 
of the fluid, some parallelism (with the exception of cases 15 and 24) 
was observed. 


Plasma Inorganic Phosphorus 


The average plasma inorganic phosphorus of five groups of tuberculous 
patients varied from 3.7 to 4.17, but these figures were described as 
higher than those usually reported for normal subjects (McCluskey) 
(107). The normal value for adults is about 3.7 mgm. per 100 cc. Car- 
riére (29) found phosphates especially abundant in tuberculous fluids, 
the inorganic phosphorus ranging from 3.0 to 30 mgm. Levy (103) 
found 4.8 to 8.3 mgm. (one case, 12.2). An increased phosphate content 
in serous exudates, and more marked in purulent ones, was found by 
Schade, e¢ al., (135) in their comparative study of blood and fluids. 
Foord, Youngberg and Wetmore (55) found the inorganic phosphorus 
about the same in all types of fluids and very similar to the concentration 
in the blood. 

The plasma inorganic phosphorus was determined by the Briggs 
modification of the Bell and Doisy (10) method. The results are 
recorded in table 3. 

The average plasma phosphate of the blood was alittle above the normal 
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value. The average content in the fluid was somewhat lower, and 
approximately equal to the normal blood content; the range was smaller 
than for the blood. As in the case of the sulphates, no significance can 
be assigned to the average difference between blood and fluid, since in 
half of the cases the blood contained more phosphate than the fluid, 
but in the rest of the cases the reverse was true. The preponderance in 
blood or in fluid does not appear to be related to absorption, as cases 
becoming progressively richer in blood phosphate occur in both the 
absorbing and in the persisting fluid groups, and similarly for those with 
increasing phosphate content in the fluid. With the exception of cases 
24, 27, and 30, the plotted values, blood against fluid, showed fair 
parallelism, especially among the cases with negative differences. 


Total Plasma Phosphorus 


Jansen and Loew (78) give 13, 10.1 and 14.5 mgm. per 100 cc. as 
the average, minimum and maximum total phosphorus content of 
human blood plasma. The figures of McCluskey (107) are 10.4 to 12.2 
for the averages of five groups of tuberculosis patients, and hence not 
very different from normal. No data on the total phosphorus content 
of pleural effusions were found. 

The Briggs (24) method was used for the determination. Very good 
checks were obtained from 0.2-cc. portions of unhaemolyzed plasma, 
which were digested and oxidized with sulphuric acid and 30 per cent 
hydrogen peroxide as in Koch-McMeekin (93) nonprotein nitrogen 
estimations. The results are recorded in table 3. 

The average value found for the total phosphorus of the blood plasma 
was somewhat above the normal maximum. The average content in 
the fluid was within the normal blood range. With the exception of 
case 20, with its purulent fluid, all the bloods contained more phosphorus 
than their corresponding fluids, the average difference of practically 29 
per cent being rather notable, and presumably due chiefly to a greater 
content of lecithin in the bloods. The range for the blood was consider- 
ably larger than for the fluid, 7.23 to 41.84 as compared with 6.22 to 
30.71. Some parallelism was observed when the fluid values were 
plotted against the blood values, as would be expected after inspection 
of the corresponding figures in the serial analyses. 


Plasma Fibrin Nitrogen 


Whipple (159) found the normal fibrinogen limits for the human 
subject to be 0.3 to 0.6 per cent, with an average of 0.5 per cent; in 
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general cachexias, such as miliary tuberculosis, the values could be 
quite low. Ruszuyak and Ba4rat-Kirthy (132) found the normal 
content to be 0.12-0.24 per cent (nephelometric method); increased 
values, somewhat according to the extent of involvement, were found in 
tuberculosis. McLester, Davidson and Frazier (108), using methods 
similar to Whipple’s and to ours, found the normal range to be 250-400 
mgm. per 100 cc., and they mentioned high values in tuberculosis. 
Frisch (56) believed fibrinogen to originate from pathological processes, 
which destroy cells in diseased areas, and therefore to be a measure of 
tissue destruction. Popper and Kreindler (125) found the normal fibrin 
range to be 0.1-0.25 per cent (refractometric method). Siissman (149) 
quotes a range of 0.2-0.35 per cent from various authors, by different 
methods. Starlinger (146), calculating the difference between plasma 
and serum total protein as fibrin, found 0.17-0.66 per cent for men and 
0.18-0.60 per cent for women. Starlinger and Winands (147), in an 
extensive survey of the literature, quote numerous authors using methods 
like ours as finding from 0.20 to 0.46 per cent for normal fibrin content, 
somewhat higher values being obtained than with refractometric, etc., 
methods; considering also their own data, they concluded that the normal 
plasma-fibrin content is about 0.25 per cent; values above 0.36 are high 
and under 0.20 are low; analyses on cases of exudative pleuritis gave 
0.43 to 0.73 per cent for the blood and 0.01 to 0.03 per cent for some of 
the exudates. Pinner, Knowlton and Kelly (123), using the colorimeter 
method of Wu, found an average normal of 0.253 per cent, with a maxi- 
mum of 0.317 and a minimum of 0.156; spontaneous variations in a 
normal woman were as large as 0.155, in a normal man considerably 
less, 0.045; in 218 tests on tuberculous patients, values from 0.155 to 
0.58 per cent were found. Carriére (29) found the fibrin content of 18 
pleural fluids to be 0.1 to 0.5 mgm. per litre, or 0.01 to 0.05 per cent. 
Other references may be found in Wells, DeWitt and Long (158). 

The plasma-fibrin nitrogen was determined by the Howe (75) modifica- 
tion of the method of Cullen and Van Slyke (39); usually only 0.25 or 
0.50 cc. of plasma was used, and the quantities of reagents reduced 
accordingly. In accordance with the observation of Bosanquet (22) 
that pleural and ascitic fluids, on standing, change the relative propor- 
tions of their globulins and albumin, all the protein separations were 
carried out as soon as possible. The results are recorded in table 3. 

The average, maximum and minimum values for the blood fibrin 
correspond approximately to 1.7, 4.9 and 0.4 per cent. Thus, according 
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to the authors quoted, most of these tuberculous patients had abnormally 
high amounts of plasma fibrin. For the pleural fluid, the corresponding 
values are 0.4, 1.7 and 0 per cent fibrin. Three-fourths of the fluids 
examined fell roughly within the range reported by Carriére (29). The 
blood plasma averaged 70.7 per cent more fibrin than the fluid. One-half 
of the cases showed at least 90 per cent more fibrin in the blood plasma 
than in the pleural fluid. The differences in the rest of the cases de- 
creased rapidly, three showing less than 10 per cent, down to fluid 32, 
which actually contained appreciably more fibrin than the blood plasma. 
A high or an increasing fibrin content in the pleural fluid does not appear 
to be related to absorption, for it was observed to occur alike in fluids 
which persisted and in fluids which were resorbed. Consistently low 
fibrin contents also appeared in both groups of fluids. The finding of 
Frisch (56), that the blood fibrinogen parallels fever, could not be 
substantiated by our data. 


Serum or Plasma-Albumin Nitrogen 


The percentage of albumin in tuberculous bloods is given by Sweany, 
Weathers and McCluskey (151) as 3.20 to 4.32 for the averages for 
seven groups of patients, with a total range of 1.71 to 5.84. Rowe’s 
figures (131) for normal cases varied from 4.6 to 6.7 per cent. Starlinger 
and Winands (147) concluded that the normal serum content was 5 per 
cent, above 5.8 was high, and below 4.0 was low; in exudative pleuritis 
they found a range of 1.61 to 5.34 per cent for the blood and 2.62 to 3.98 
for some of the exudates, the exudate being always lower than the 
corresponding blood plasma. The usual excess of blood albumin over 
globulin may be reversed in tuberculosis, leading to a very low albumin 
content; Popper and Kreindler (125) report some very sick patients with 
“no” (only traces of) albumin. Foord, Youngberg and Wetmore (55) 
found tuberculous fluids to contain 1.96-3.24 per cent albumin. Carriére 
(29) found 2-6 per cent in pleural fluids. References to earlier findings 
and comparisons of pleural and other fluids may be found in Wells, 
DeWitt and Long (158) (p. 215). 

As for fibrin, Howe’s (75) method was used for the determination, 
with the substitution of Nesslerization for distillation. The results are 
recorded in table 3. 

The average, maximum and minimum figures for albumin in the blood- 
serum were found to be approximately 2.86, 5.35 and 0.9 per cent; 
corresponding figures for the fluid were 2.1, 3.1 and 0.97 per cent albumin. 
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The blood averaged almost 25 per cent more albumin than the fluid, 
but there were 2 cases with almost identical values for blood and fluid, 
and three in which the fluid contained more albumin than the blood 
plasma; these 5 fluids were all from the first punctures in their respective 
series. The range for albumin content was considerably larger in the 
blood than in the fluid. A general tendency of the blood albumin to 
increase with time is to be observed in the serial analyses, but this is 
only roughly parallelled in the fluid and occurs with both subsequently 
absorbed and persisting fluids. The general parallelism between plotted 
blood and fluid values is quite good. 


Serum-Globulin, or Plasma-Globulin Exclusive of Fibrin Nitrogen 


Rowe (131) found the normal serum globulin content to be 1.2 to 2.3 
per cent. Sweany, Weathers and McCluskey (151) obtained, as values 
for 7 groups of tuberculous patients, average figures of 1.62 to 2.97 per 
cent, with a total range of 0.9 to 4.72. Alder (2) found that globulin 
increase in the blood is dependent on the activity of the primary pul- 
monary disease and can be taken as an indicator of the general intoxica- 
tion; it is not specific for tuberculosis and can be used only with caution 
as an aid in prognosis. Starlinger and Winands (147) decided on 2.5 
gm. per cent as a normal serum-globulin content, above 4 as high and 
below 1.3 as low; in exudative pleuritis they found values from 2.79 to 
4.88 for the blood and 2.05 to 2.94 for some of the exudates. Foord, 
Youngberg, and Wetmore’s (55) figures for fluids in pleuritis were 1.23 
to 3.73 per cent. Carriére (29) found 1 to 3 per cent in pleural fluids, 
and considered it a useless analysis as far as diagnosis was concerned, in 
which opinion Peters (122) and Naegeli and Rohrer (116) concur. 

The serum-globulin was determined by Howe’s method (75) with the 
aforementioned modifications. The results are recorded in table 3. 

The average, maximum and minimum figures correspond approxi- 
mately to the following percentages of serum globulin: 4.57, 7.61 and 
1.83. The corresponding values for the pleural fluid were 2.10, 3.13 and 
0.97 per cent. The blood-serum averaged about 27 per cent more 
globulin than the pleural fluid, but this figure is somewhat misleading, 
since five of the fluids contained more globulin than the corresponding 
blood-plasma. Increasing or decreasing globulin content in the fluid was 
not markedly related to absorption. It was observed that the globulin 
content of the fluid, in the serial analyses, sometimes decreased simul- 
taneously with an increase in the blood (1, 2; 13, 14; 21, 22; 24, 25); in 
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others it ran roughly parallel or dropped only on the last analysis. 
Most of the bloods in the serial analyses showed a tendency to increase 
their plasma globulin as time went on. When the figures for blood and 
corresponding fluids were plotted against each other, only slight parallel- 
ism was obtained. The range for blood-serum was twice as great as for 
the fluids examined. 

The question of the albumin-globulin ratio, and the relation of albumin 
and globulin to total protein will be discussed later in this paper. 


Plasma Magnesium 


Jansen and Loew (78) give 2.34, 1.8 and 2.8 as the average, minimum 
and maximum content (in mgm. per 100 cc.) for normal human blood- 
serum. Schoenheit (139) found the normal range to be 1.8 to 2.6 for 
plasma (3.1 to 3.6 for whole blood) and the same in tuberculosis. Bezan- 
gon and Weil (12) give 1.4 to 2.0 for the magnesium found in pleural 
fluids as compared with 2.5 to 2.8 for blood. Levy (103) and Cohen (36) 
found pathological body fluids, pleural and peritoneal effusions to contain 
less magnesium than the concomitant blood-serum. 

Magnesium was determined according to the method of Denis (42) 
after the determination of calcium in the same sample; quantities of 
unknown and reagents were reduced. The results are recorded in 
table 3. 

Although the range of the blood-plasma magnesium extends both above 
and below the normal, the average figure found for these bloods is rather 
low. The range for the fluid is not quite as large as that for the blood; 
the average figure for the fluid is slightly less than for the blood-plasma. 
The “average difference of —1.6” is obviously not truly representative 
of the facts; most of the fluids differ appreciably from the corresponding 
blood, 14 fluids containing less magnesium than the plasma and 9 fluids 
containing more than the plasma. The first set of serial analyses 
(3, 4, 5) refers to a fluid always containing more than the plasma; the 
second set (6, 7, 8, 9) to a fluid always containing less magnesium than 
the plasma; both fluids were resorbed. Good parallelism was observed 
when the blood values were plotted against the corresponding fluid 
values. 


Uric Acid 


Borchhardt (20) found the blood uric acid to increase considerably 
during the period immediately preceding a febrile disease or tuberculous 
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exacerbation, and to decrease rapidly during periods of high temperature; 
afebrile or subfebrile tuberculosis patients showed high or supernormal 
values; normal values were found consistently in patients whose lesions 
continued to heal. Chauffard, Brodin and Grigaut (32) state that the 
uric-acid content is the same for blood-serum and ascitic and pleural 
effusions. Carriére (29) found 5.5 to 7.14 mgm. uric acid per 100 cc. 
in the exudates he studied (including 8 in tuberculosis), and the values 
were greater when more white cells or suppuration were present. Brog- 
sitter and Kraus (26) obtained figures of 1.23 to 4.43 for tuberculous 
pleuritis and 1.35 to 5.33 for the corresponding blood-serum, some fluids 
containing more and some less than the serum. Foord, Youngberg, and 
Wetmore (55) found fluid values of 2.4 to 4.2 in tuberculous pleurisy. 

The uric acid (of the whole blood and pleural fluid) was determined 
by Folin’s (50) method. ‘The results are recorded in table 3. 

The average blood uric acid was not abnormal, but 9 figures out of 25 
were above 4 mgm. per 100 cc.; the range for the fluid was greater than 
for the blood. This is the first constituent so far discussed which has a 
higher average concentration in the pleural fluid than in the blood. 
The only fluids and bloods with identical values were those of cases 21 
and 22, the only case of spontaneous effusion without pneumothorax. 
There were 7 bloods which contained more uric acid than the correspond- 
ing fluids, but the differences were generally small. The remaining 16 
fluids contained more, and often much more, uric acid than the blood. 
The average difference, then, of —7.4 per cent, indicating that the fluids 
as a whole contained 7.4 per cent more uric acid than the bloods, is of 
some significance. Of the several patients with a history of fever at the 
onset of the fluid, only case 26 had a low blood uric acid, and this patient 
was a young diabetic. The purulent fluid, 20, had an ordinary uric-acid 
content. Good parallelism was observed when the blood and fluid figures 
were plotted against each other. 


Chlorides 


The usual figures for the chloride content of whole blood are 270 to 
300 mgm. per 100 cc., with an even narrower range quoted by some 
workers. Entirely normal figures were found by Sweany, Weathers and 
McCluskey (151) in tuberculosis. Levy (103) found that the content in 
exudates and transudates was greater than in the corresponding serum 
and was usually 364 to 394 mgm. per 100 cc. Carriére (29) reported 
chlorides as especially abundant in fluids in tuberculosis; Cohen (36) 
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states that the concentration in effusions is always more than in the 
serum; Orsi and Villa (120) found the ratio between chloride in plasma 
and corresponding liquid to remain constant. Foord, e¢ al., (55) found 
some tuberculous-pleuritis fluids with as low a chloride content as 328; 
Bezancon and Weil (12) mention some as high as 437 in pleural fluids. 
i! For the determination the method of Whitehorn (160) was used; excellent 
fi checks were obtained even when only 5 cc. of tungstic-acid filtrate were 
f employed. Both as a matter of economy and because of the objections 
i to plasma-chloride determinations discussed by Myers (114) (p. 133), 
filtrates of whole blood and pleural fluid were used. The results are 
recorded in table 3. 

All but one (10) of the bloods contained normal amounts of chloride. 
1 With the exception of fluids 6 and 10 all the fluids lay within the narrow 
} range of 334 to 384 mgm. chlorine per 100 cc. All of the fluids but one 
| (10) contained more chloride than the blood, with an average excess of 
l chloride in the fluid over that in the blood of 27.4 per cent, really repre- 
1 sentative of the facts, and significant. Because of the narrow range in 
: both blood and fluid, no parallelism whatsoever was observed when the 
corresponding fluid and blood values were plotted against each other; a 
compact colony of dots resulted. 


Plasma Sodium 


The average, minimum and maximum sodium content of human blood 
is given by Jansen and Loew (78) as 320, 315 and 350 mgm. per cc. 
Myers (114) gives 335 as the average and adds that little is known of 
pathological variations; as little sodium is present in the cells, only the 
plasma content is of importance. Sodium chloride forms most of the 
salts in pleural fluids, according to Bezancon and Weil (12); the sodium 
content is not strictly proportional to chloride because some sodium is 
present as bicarbonate. 
ft The method of Kramer and Tisdall (96) was used for our determina- 
: tions. Only 1 cc. of plasma was employed. The potassium-pyro- 
: antimonate reagent was kept in a wax bottle. The results are recorded 
in table 4. 

These bloods had an average sodium content somewhat below the 
normal; the total range was very large. The fluid had an even larger 
range than the blood. One blood and fluid had identical values.. Three 
bloods contained more sodium than did the fluids. The remaining 28 
fluids contained more sodium than the blood, the average excess of 14 
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per cent being appreciable, if not as large as the excess of chloride. 
With three exceptions good parallelism was observed when the fluid 
values were plotted against the blood values. 

It will be recalled that in all the constituents studied thus far, the 
relation of the content in the blood to that in the fluid was never ab- 
solutely consistent, though almost so in some cases; the excess frequently 
predominated in the blood and occasionally in the fluid; the relation was 
entirely irregular for some. The constituents to be discussed now are 
distinctive in that they occurred in excess in the blood without exception. 


Plasma Potassium 


Kramer and Tisdall (96) found the potassium content of normal sera 
to be about 20 mgm. per 100 cc.; roughly 40 to 50 in epidemic influenza 
and secondary pneumonia, and over 60 in primary pneumonia; up to 70 
in scarlet fever. Bezangon and Weil (12) stated that pleural fluids 
usually contain less than the blood, 11.0 to 19.3, as compared with 
about 31 in the bloods in tuberculosis, presumably. 

The method of Kramer and Tisdall (96) was used in our determina- 
tions; 1 cc. of plasma (separated with special rapidity from the red cells) 
was used. The same solution of sodium cobaltinitrite was used through- 
out the series, and the potassium-permanganate solution checked when- 
ever it was used. The results are recorded in table 4. 

Relatively few of these bloods had a normal potassium content; the 
average was about twice the commonly accepted normal, with a large 
range. The fluids invariably contained less potassium than the blood 
plasma; the total range was considerably smaller than for the blood. 
The average excess in the blood was 42.8 per cent, but the individual 
differences were extremely variable, from almost nothing to 96 per cent. 
In the serial analyses, neither the blood nor the fluid contained a constant 
amount of potassium. Regular increases or decreases were scarcely to be 
expected, and were not observed. Neither did changes in the fluid 
potassium content appear to depend regularly on those in the blood. 
Likewise, there was no general parallelism when all the fluid values were 
plotted against those of the bloods. 


Plasma Calcium 


Halverson’s (63) figures for several groups of tuberculosis patients 
varied from 9.1 to 10.4 mg. per 100 cc. Zimmermann (165) reports 
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normal values for 94 out of 100 tuberculosis patients. No wide variation 
between chronic and arrested cases, or between cases with and without 
haemorrhage, were found by Matz (105). Howe and Medlar (76) 
found no evidence of abnormal calcium or phosphorus metabolism in 
tuberculosis patients. The calcium content of fluids was found by 
Foord, Youngberg and Wetmore (55) to be very similar for all types and 
very similar to the blood content. Levy (103) states that the calcium 
content is usually less in fluids than in the serum, except in pleural 
exudates. Bezancon and Weil (12) concluded that it is about the same 
in fluids as in the blood, and is not raised by administration of calcium 
compounds. The figures taken as normals depend on the method used, 
as pointed out by Schoenheit (139). 

A combination of the Kramer and Tisdall (69) and Clark (34) methods 
was used in our determinations. A further modification was the use of a 
wash-liquid saturated with calcium oxalate. Normal values by this 
procedure are usually given as 9 to 11 mgm. per 100 cc. serum or plasma; 
some investigators allow a still larger variation,—7.8 to 11.8. The 
results are recorded in table 4. 

The average blood-calcium content is entirely normal; a few low normals 
and several supernormal values are included in the total range. The 
average calcium content in the fluid is very considerably lower; the range 
is practically as large for the fluid as for the blood. In the serial analyses 
no great constancy of calcium content is to be observed, and only some 
of the fluids show a rough tendency to follow the changes in the blood. 
The calcium excess in the blood-plasma over the pleural fluid, occurring 
in every case, averaged 20.7 per cent; for half of the cases it lay between 
20 and 30 per cent. Fair parallelism was found when the fluid figures 
were plotted against the corresponding blood figures. 


Glucose 


Hecht (67) found the majority of cases of advanced pulmonary 
tuberculosis to have a subnormal blood sugar; later Hecht and Bonem 
(68) stated that they never found values above normal, but incipient or 
inactive or clinically healed cases show the higher values, while extensive 
and active cases are usually close to the lower level of the normal range 
and occasionally definitely subnormal; they found a tremendously 
decreased glycogen content in tuberculous guinea pigs, indicating a loss of 
ability to fix glucose. Two groups of tuberculosis patients were found 
by Borock, Wowsi and Ranzmann (21) in regard to blood-dextrose 
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content; 70 to 80 mgm. per 100 cc. was the limit between groups, the 
higher values being prognostically more favorable. In glucose-ingestion 
tests by Landauer and Glogauer (101) some of their results were also 
explained by this lack of glycogen in the tissues; they found cases of 
chronic pulmonary tuberculosis usually to have normal blood-sugar 
values. Sweany, Weathers and McCluskey (151) found the sugar to 
vary, but to have no relation to the stage of the disease if there were no 
complications of alimentary glycosuria. Achard and Thiers (1) did not 
see that acute processes diminished the sugar concentration to any 
considerable extent; slight elevation was observed in pyopneumothorax 
and acute febrile pleurisy, and the most notable decreases also occurred 
in febrile pleurisy; they concluded that the sugar content is greater in 
febrile than in nonfebrile cases, agreeing with the observation of a higher 
glycaemia in acute maladies and explained by the lack of glycolytic 
power found in morbid states; in pleural fluids the sugar content was 
generally less than that of the blood, and the greatest decreases were in 
fluids from tuberculous pleurisies. Hiruma (72) found the sugar content 
of secretions higher than that of effusions, and not affected by fever. 
The content in fluids is much reduced when inflammatory symptoms 
are marked, according to Bisbini (16), and lowin purulent fluids. Foord, 
Youngberg, and Wetmore (55), on the other hand, found the sugar 
content to parallel that of the blood quite constantly. Numerous other 
authors found exudates to contain less sugar than the blood, or the same 
as the blood. The usual range of 80 to 120 mgm. per 100 cc. was con- 
sidered normal for blood. 

The Folin-Wu (54) method was used for the determinations. Molisch 
tests cannot be depended on at all to indicate the presence of carbo- 
hydrate in filtrates of the fluids, for the test may be positive with lactic 
acid, which is regularly present in pleural fluids. The results are recorded 
in table 4. 

The average blood-sugar content, omitting the diabetic, was entirely 
normal. The fluid sugar had a much larger range. The fluid contents 
marked no. 8, (13 mgm.), no. 12, (6 mgm.), and no. 14, (13 mgm.), were 
those in which a negative Molisch test, rather reliable as an indication of 
the absence of sugar, was found; the difference between blood- and 
fluid-sugar contents was considered 100 per cent in these cases. ‘The 
average excess of sugar in the blood over that in the fluid was then 80.7 
per cent; three-fourths of the cases showed an excess of 80 to 100 per cent 
in the blood, and the remaining one-fourth between 25 and 80 per cent. 
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The slightly elevated blood sugars belonged to rather young patients for 
the most part. There was no parallelism whatsoever between the blood 
and pleural-fluid glucose content. 

As several of the authors quoted have remarked, the explanation of the 
low glucose content in effusions is yet to be discovered. Considerable 
experimentation on the glycolytic power of these pleural fluids has been 
carried out and will be reported in a separate paper. Although the 
purulent fluid of case 20 had a very low glucose content, the other fluids 
with low glucose contents were not purulent, and many of them had 
distinctly low total cell counts (2, 16, 19, 24, 25, 27; 3, 4, 6, 15). Ap- 
parently, the only other investigator to find many fluids containing little 
or no glucose was Gruner (60), who reported that pleural effusions in 
tuberculosis almost always gave a negative Molisch reaction. 


Creatine Plus Creatinine 


The average “total creatinine” found in 7 groups of tuberculosis 
patients by Sweany, Weathers and McCluskey (151) varied from 3.6 to 
5.3, with a total range of 3 to 6. Denis and Minot (44) report that 


creatinine is lower in transudates than in exudates, which approach the 
content in the blood. 

Folin’s (50) method was used for the determination; the normal blood 
value by this method is about 6 mgm. per 100 cc. The results are 
recorded in table 4. 

The average total creatinine of the blood was somewhat below the 
normal average. The range for the pleural fluid was slightly less than 
for the blood. Every blood contained more than the corresponding 
fluid; the average difference was practically 30 per cent. Since these 
differences are roughly two to four times as great as for the preformed 
creatinine, the pleural fluid lacks more creatine than preformed creatinine. 
The tendency shown in the serial analyses for changes in the fluid to 
follow changes in the blood is not great. Similarly, the general parallel- 
ism obtained on plotting all the fluid values against the corresponding 
blood values is not very great. 


Total Plasma Nitrogen 


Alder (2) quoted the normal total plasma nitrogen content as 1.1 to 
1.5 gm. per 100 cc., and himself found an average of 1.33; he found it 
often normal in pulmonary tuberculosis, or slightly raised, dependent on 
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the grade of infection, terminal conditions finally yielding a subnormal 

protein content, so that the determination was only of slight diagnostic 
significance. Starlinger and Winands (147) decided that the normal 
total protein of the plasma was about 8 gm., with a possible range of 
6.8 to 9.3 gm., corresponding to 1.1 to 1.5 gm. nitrogen; in exudative 
pleuritis, they found 1.1 to 1.5 for the blood and 0.8 to 1.0 for some of 
the fluids. Foord, Youngberg, and Wetmore (55) found the total nitro- 
gen of tuberculous pleural fluids to be 0.676 to 0.904. 

Total nitrogen determinations were carried out on the freshest possible 
sample of unhaemolyzed and unclotted plasma; 0.2-cc. portions, in 
duplicate, were used, and the digestion with 1:1 sulphuric acid and 30 per 
cent hydrogen peroxide carried out simultaneously with that of the 
samples for total plasma phosphorus. Suitable amounts of the diluted 
digest were nesslerized. ‘The results are recorded in table 4. 

The average total nitrogen content of the blood plasma, roughly 1.46 
per cent, is somewhat above normal; omitting the low value of case 10, 
the average becomes roughly 1.5 per cent, more representative of most 
of the data. Only this one blood value was found below 1.25 per cent; 
the maximum was almost 1.9 per cent. The average total nitrogen of 
the pleural fluid (without the somewhat low value of case 10) was roughly 
0.95 per cent, a figure somewhat higher than the maximum found by 
Foord, et al. (55); the highest content was about 1.25 per cent and the 
minimum (excluding case 10) was about 0.66 per cent. The range for 
the blood was a little larger than for the fluid. 

The plasma nitrogen of the fluid was always less than that of the blood 
plasma; the lowest excess in the blood was 11.5 per cent, the highest 
61.6 per cent, and the average 34.2 per cent. No parallelism was 
observed when all the fluid values were plotted against the corresponding 
blood values, although there was rather good parallelism in serial analyses 
on several patients. The above figures are of course very similar to 
(slightly higher than) the percentages of plasma protein. It is of interest 
to note that while in some of the cases the nitrogen content of the fluid 
appears to increase with the age of the patient’s effusion (3, 4, 5; 6, 7, 8, 9; 
13, 14; 24, 25; 30, 31, 32), there is no relation per se between the age of 
effusion and its plasma-nitrogen content; fluid 3, for example, was 65 
days old, and contained less nitrogen than fluid 18, which was only one day 
old. Although the cells were naturally excluded by centrifugation from 
the plasma analyzed, there is apparently some relationship between cells 
and total fluid-plasma nitrogen, for the increases of both with the age 
of the fluid, when increase occurs, are parallel. 
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Total Plasma-Globulin Nitrogen 


The total plasma globulin, of course, includes fibrin and serum globulin, 
each of which has already been discussed; inasmuch as it is determined 
directly and the serum globulin is derived from it, and because the 
relationship of the total plasma globulin of blood and fluid is different 
from that of its two components, it is worthy of mention. Reference 
has already been made to the method of protein determination used. 
The results are recorded in table 4. 

The average total plasma globulin of the blood was found to be roughly 
0.8 per cent; the total range was approximately 0.4 to 1.5 per cent. 
The average total plasma globulin of the pleural fluid was roughly 0.57 
per cent and the total range about 0.3 to 0.9 per cent. The blood 
averaged a 40 per cent higher content than the pleural fluid; its excess 
was never less than 7 per cent and the maximum was 72 percent. That 
is, the fibrin of the pleural fluid may sometimes be greater than that of 
the blood plasma, and the serum globulin of the fluid may be larger 
than that of the blood plasma, but the swm of the fibrin and serum 
globulin of the pleural fluid is always less than the corresponding sum 
for the blood plasma. Thus some kind of balance is maintained between 
these two components of the total globulin. Parallelism in the serial 
analyses was observed only in cases 10,11. and12. There was no general 
parallelism when blood values were plotted against fluid values. The 
range for the total plasma-globulin nitrogen was considerably greater 
in the blood than in the pleural fluid. 


Specific Gravity of Pleural Effusions 


Many values for the specific gravity of pleural effusions have been 
recorded; one as low as 0.9181 by Schulman (141); a range of 1.015 to 
1.030 for 18 fluids by Carriére (29); an average of 1.018 for 12 serous 
pleural fluids by Gloyne (56a); a range of 1.017 to 1.023 for 40 fluids by 
Nagahima (116a), half being 1.020; and several isolated cases mentioned 
by other authors at about 1.020. Foord, Youngberg and Wetmore (55), 
using a urinometer, found 1.019 to 1.025 for 15 pleural fluids. Similar 
values from other authors are quoted by Wells, DeWitt and Long (158). 
Carriére (29) considered it a worthless determination. 

A gravimetric method was used in our determinations. As homo- 
geneous a sample as possible was measured by a certified pipette into a 
weighed covered weighing-bottle. The results are recorded in table 4. 
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Only 3 fluids were below 1.018 (cases 3, 13, 24), a figure often described 
as the boundary between transudates (lower) and exudates (higher); 
subsequently, the specific gravity rose in each of these cases to values in 
the exudate class (4,5; 14; 25). The fluids thus distinguished as trans- 
udates (3, 13, 24) would not have been so classed upon other bases. A 
consistently rising specific gravity occurred both in fluids which persisted 
and in fluids which were resorbing; likewise a consistently falling specific 
gravity occurred in both resorbing and persisting fluids. 


4: Interrelationships: Wells, DeWitt and Long (158) quote a range of 
65/35 to 80/20 (or approximately 2:1, Alder (1)) as the normal ratio of 
albumin to globulin in blood, and add that, as a result of increased 
globulin content in cases of tuberculosis, the ratio may fall or even be 
reversed in terminal stages; they also quote numerous figures for tuber- 
culous exudates, in which the albumin-globulin ratio is frequently less 
than 1. Similar values for the blood are quoted by Siissman (149). 
Sweany, Weathers, and McCluskey (151) found the average albymin- 
globulin ratio of the blood plasma in seven groups of tuberculous patients 
to vary from 1.1 to 2.8, with a total range of 0.4 to5.5. Grossmann (59) 
found normal ratios in two cases of pulmonary tuberculosis. Starlinger 
and Winands (147) found normal figures, usually, in exudative pleuritis. 
Foord, Youngberg and Wetmore (55) did not find the ratio to be constant 
in any group of pleural fluids; figures of 0.61 to 1.95 were found. Our 
results are recorded in table 4. Most of the albumin-globulin ratios of 
the blood serum were below normal, due to an absolute, or a relative, 
excess of globulin. The average ratio for the fluid was a little higher 
than for the blood; the range was somewhat smaller. There was a 
tendency toward parallelism between blood and fluid in a few of the 
serial analyses. The general parallelism as shown by plotting fluid values 
against blood values was fair, with balanced scattering. A rising or 
falling ratio, in either blood or fluid, did not appear to be related to 
absorption of the effusion. 

The percentage of the total plasma nitrogen due to fibrin, in the 
blood and in the pleural fluid, showed no parallelism when plotted. 
The average figure for the blood was 23 per cent (for 24 cases), with a 
total range of 7.2 to 49.2, figures which are much higher than the usual 
normals, 5 per cent according to Popper and Kreindler (125), or 4 per cent 
according to Starlinger and Winands (147), whose findings in exudative 
pleuritis ranged from 6 to 9 per cent for the blood and 0 to 1 per cent for 
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some of the exudates. The average percentage found for our pleural 
fluids (31 cases) was 9.9, ranging from 0 to 28.8. In 5 out of the 24 
cases the fluid had a higher percentage than the blood. 

The albumin fraction of the total plasma nitrogen of the blood plotted 
against the albumin fraction of the pleural fluid showed fair general 
parallelism. The average blood value was 30.5 per cent, for 24 cases, 
with a total range of 10.7 to 50.8; the figures were therefore a great 
deal lower than the normal ones, 65-80 (Alder) (2); or 60-80, quoted by 
Siissmann (149) from various authors; 62 according to Starlinger and 
Winands (147), with a possible range of 50 to 80, and found by these 
authors to vary from 23 to 58 in the blood in exudative pleuritis, and 
from 47 to 63 insome of the exudates. The average figure for the 31 
pleural fluids was 36.6 per cent, with a range of 21.4 to 51.7. Two-thirds 
of the pleural fluids had a higher percentage than their corresponding 
bloods. 

The serum-globulin fraction also showed fair parallelism with that of 
the pleural fluid, but the scattering was somewhat greater. The average 
blood value was 48.1 per cent for 24 cases, with a range of 22.5 to 67.0. 
This was a marked excess over the normal: 20-35 per cent, according to 
Alder (2); 20-40, quoted by Siissmann (149); 35, according to Starlinger 
and Winands (147), with a possible range of 20-45, and found in exuda- 
tive pleuritis to be 34-68 for the blood and 36-52 for some of the exudates. 
The average for the fluid was 53.7 (31 cases), ranging from 34.9 to 76.5. 
Again about two-thirds of the fluids had a higher percentage than the 
corresponding bloods. 

There was no parallelism between the total plasma nitrogen and the 
amino-acid nitrogen, nor between the total and the nonprotein nitrogen, 
in either blood or fluid. 

There was absolutely no relation between the protein content of the 
pleural fluid and the specific gravity. 

There was no relationship between the total plasma nitrogen and the 
chloride content of either blood or fluid; case 10 had a low nitrogen 
content and very high chloride content in both blood and fluid, but 
there were no other cases to verify an assumption of a reciprocal 
relationship. 

The fatty acids of the blood did not show a parallelism with the 
cholesterol content. The plotted values for the fluid indicated, as 
mentioned previously, a group of fluids with low fatty-acid content which 
had normal cholesterol contents, and a second group of fluids with a 
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higher fatty-acid content and with a range of cholesterol content from 
abnormally low to abnormally high; but in neither group was there 
parallelism between the two constituents. 

Inorganic plasma phosphate figures did not increase regularly with 
the figures for total plasma phosphorus, in either blood or fluid, though 
there was a greater tendency toward parallelism in the blood. 

The values in a few cases suggested that plasma potassium and 
inorganic phosphorus might run parallel, but there is no general relation- 
ship for either blood or fluid. Neither is the plasma potassium related 
to the total phosphorus content in either blood plasma or fluid. 

The relationships described by Jansen and Loew (78) for potassium 
and calcium, potassium, calcium and phosphorus, and calcium and 
magnesium, of course, did not hold for these bloods on account of the 
marked divergence from normal of many of the figures for potassium 
and magnesium. Similar relationships could not be formulated for the 
pleural fluid. 


5: Experiments on the Permeability of the Human Pleura: It seems 
that all such experiments were performed only on pathclogically altered 
pleurae. Schotte (140) injectediodinein potassium iodide and potassium 
thiocyanate intrapleurally in patients with metapneumonic empyemata. 
It disappeared quickly from the pleural effusion and iodine was demon- 
strable in the urine. After the same medication was given by mouth, 
iodine was demonstrable in the effusion two days later. Similar experi- 
ments were performed by Mayer (106), who was able to demonstrate 
iodine in the pneumothorax effusion 3 to 4 hours after the oral administra- 
tion of potassium iodide; he states that the impairment of the pleural 
permeability increased with the duration of the collapse treatment and 
with the degree of the existing collapse. The urinary excretion of 
intrapleurally injected iodipin was very slow in two patients and not 
demonstrable in five within three hours after the injection. Castaigne 
(30) administered salicylates, both intrapleurally and by mouth, and 
stated that the permeability of the pleura was decreased in all cases of 
pleuritis, that the permeability from the blood to the pleura is good while 
the exudate increases in volume, but that it is absent when the inflam- 
matory processes have ceased. Similar results were obtained by Widal 
and Ravaut (161). Ramont and Tourlet (129) found that the resorption 
of methylene blue from the pleura is rapid in acute serofibrinous pleuritis, 
but that it is diminished in subacute inflammations and absent in chronic 
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pleuritis. Essentially similar conditions were observed by Cobet and 
Ganter (35), who tested the pleural resorption by means of sodium 
iodide. Deist (41) showed that the amount of chloride excretion in the 
urine (during salt-free diet) paralleled the resorptive processes in the 
pleura, and that sodium chloride injected intrapleurally is promptly 
excreted in the urine in well-absorbing cases, and not at all in cases in 
which the amount of the effusion did not decrease. Scheel (137) states 
that dyes are more promptly eliminated after pleural injection when the 
stage of absorption of the effusion is approached, and that, when an 
effusion becomes organized, excretion is very slow. 

As soon as we had accumulated sufficient data to indicate the composi- 
tion of pleural fluids relative to the corresponding blood, attempts were 
made to influence the resorption of the effusion by reversing the existing 
relations between the concentration in blood and pleural fluid. Calcium, 
potassium and glucose were found always in lower concentration in the 
effusion than in the corresponding blood. A sterile solution prepared for 
intrapleural injection contained calcium lactate, potassium bromide and 
glucose, each in sufficient quantity for the resultant mixture of residual 
effusion and solution to have from four to six times the concentration of 
calcium, potassium and glucose in the blood. ‘This solution was injected 
intrapleurally into rabbits, and it was ascertained that it had no irritating 
effect and was quickly resorbed. After withdrawal of most of the 
patient’s effusion, 10 cc. of the solution were injected through the 
aspirating needle. Excretion of bromide in the urine was watched for 
and the first tests were obtained on ashed urine specimens collected 26 
and 32 hours after injection, indicating that equilibrium was not being 
established very fast between fluid and blood. Fluoroscopic examina- 
tion of the patient the next day failed to disclose any change in the 
level of the fluid. 

The next patient received the same amount of solution, but of twice 
the former concentration, to bring the concentration of calcium, potas- 
sium, and glucose in the effusion up to ten to twelve times that in the 
blood plasma. The best tests for bromide were obtained on urine 
specimens taken 8 and 10 hours after the injection, but faint tests were 
still obtained four days later. On fluoroscopic examination the day after 
the injection a large amount of fluid was reported. 

The effusion in both cases disappeared in about two months. 

Since neither trial had resulted in a noticeably immediate decrease of 
fluid, this type of experiment was abandoned. The contrast of these 
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results, however, with those obtained on the normal rabbit’s pleura, is 
very striking; that is, slow diffusion through the tuberculous membrane, 
compared with a rapid transfer in the normal animal. Mayer (1 )6) 
found “some evidence that substances injected into the pleural cavity 
are absorbed less rapidly with tuberculous exudates than with simple 
effusions, presumably because of the mechanical obstacles of a fibrin 
layer and tuberculous granulation tissue of the pleural surfaces.” Widal 
and Ravaut (161) found the elimination of sodium salicylate injected 
into the pleural cavity to be of longer duration and less complete than 
from subcutaneous injection. 

Another experiment, this time on the passage of a substance from the 
blood into the effusion, was also carried out. Seven patients received 15 
grains of sodium salicylate by mouth, two hours before aspiration of the 
pleural fluid; two more were given the drug only one half hour before and 
two others twelve hours before. An alcoholic extract of the effusion 
was made for the estimation of free and combined salicylate, according 
to the method of Thoburn and Hanzlik (152). No salicylate was 
demonstrable in any of these fluids. One additional patient who hap- 
pened to receive salicylate on two successive days showed a barely 
determinable trace in his effusion. These results are in rather good 
agreement with those of Castaigne (30); he found that in five out of 
twelve patients the pleura was impermeable to salicylate; permeability 
in the other seven patients was present at or near the end of evolution 
of the effusion and lasted only one to six days. 


6: Cytology of Pleural Effusions: An extensive literature exists on the 
cytological findings in pleural effusions. This phase has frequently been 
studied with the aim to establish differential diagnostic criteria between 
effusions due to tuberculous pleuritis, cardiac transudates, and effusions 
caused by intrathoracic tumors. Certain dicta have been evolved in 
these attempts; some have become cherished “diagnostic aids” and have 
been copied in uninterrupted passage from textbook to textbook. We 
do not attempt to present a complete review of the literature on this 
subject, but we will mention only a few significant contributions. 

Widal and Ravaut (161) were apparently the first ones to develop in a 
systematic way the “cyto-diagnosis” of effusions of serous cavities. 
They established three cytological formulae: (1) A lymphocytic, typical 
for idiopathic (sc. lic. tuberculous) effusions; (2) a leucocytic, typical for 
infectious effusions; and (3) an endothelial, typical for transudates and 
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effusions caused by tumors. Dopter and Tanton (46) pointed out that 
the lack of endothelial elements is characteristic for tuberculous effusions. 
Ketley and Torday (89) essentially confirm Widal’s contention, although 
they are more sceptical as to the diagnostic value of cytodiagnosis; one 
of the most important diagnostic points in their opinion is the finding of a 
lymphocytosis in an acute pleuritis; this combination occurs almost only 
in tuberculous pleuritis. It was soon pointed out (Preisich and Flesch) 
(126) that it is often impossible to differentiate lymphocytes and endo- 
thelial cells because border-line forms are frequent and secondary mor- 
phological changes becloud the characteristic appearance of cells. 
K@éniger (95), in a monograph, states that tuberculous exudates begin 
frequently with a leucocytosis, which is soon followed by a larger number 
of lymphocytes and red cells. If an effusion contains about 30 per cent 
lymphocytes or more it is most likely of tuberculous origin, particularly 
when there are but few endothelial cells. 

In the more recent publications the attempt is frequently made to 
differentiate the large mononuclear cells (endothelial cells of the older 
authors) into histiocytic or haematogenous monocytes (according to the 
haematological persuasion of the author) and into endothelial cells 
sensu strictiort. The possibility of this differentiation appears doubtful 
unless supravital staining is used. 

Rist and Veber (130) state, in accordance with many other authors, 
that in early exudates, eosinophiles (and basophiles) are.found in con- 
siderable numbers (occasionally excessive percentages of eosinophiles are 
reported (Page) (120a); that, later on, lymphocytes dominate, associated 
with large mononuclears; and if many bacilli are present, the number of 
polynuclear cells is greater. Quensel (127), who restudied the whole 
question of cytodiagnosis, especially in view of possible diagnosis of 
tumor, restates essentially the former views. In a number of tuber- 
culous effusions he found 66 or more per cent lymphocytes in all with the 
exception of one in which he found 87 per cent of leucocytes. Baldwin, 
et al., (7) say, “The preponderance of lymphocytes in a pleural exudate, 
with or without erythrocytes, is strong presumptive evidence of tuber- 
culosis.” And from the same authors: “In artificial pneumothorax, the 
eosinophile cells are numerous in uncomplicated effusions.” This 
occurrence may be explained by an observation mentioned by Foord, 
et al., (55) that the eosinophiles increase after tapping. Serous pleural 
effusions, according to Willis (163), contain numerous cellular elements. 
“In very freshly formed effusions, numerous polymorphonuclear leuco- 
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cytes are present . . . . in the more chronic fluids, lymphocytes so 
predominate, however, that almost no other cell can be found.” 

Mayer (106) makes special reference to effusions associated with 
pneumothorax. Out of 18 cases examined he found a lymphocytic 
formula in 10, not coincident with a lymphocytosis in the blood, while 
four patients with a definite leucocytic exudate (one of which was 
secondarily infected) had a concomitant leucocytosis in the blood. He 
believes that the typical cytological picture of the benign and uncom- 
plicated effusion in pneumothorax is a lymphocytosis, with a considerable 
percentage of eosinophiles; he found 0 to 18 per cent in his cases. 
Leucocytic effusions, with the exception of very early ones, are prog- 
nostically unfavorable, even if they are not secondarily infected. Eosino- 
philia of 10 per cent or more is, in accordance with earlier French writers, 
considered a prognostically favorable sign. Mayer (106) emphasizes 
his observation that tubercle bacilli disappear (or are not present) from a 
pleural effusion when the percentage of eosinophiles increases above 10 
per cent. 

Our cytological examinations consisted of a total cell count, using as 
diluting fluid physiological salt solution, and of a differential cell count 
made on a dried and stained smear of the fluid and its sediment after 
centrifugating. The smears were stained either by Pappenhein’s 
panoptic method or by Leishman’s method. 

Our results are as shown in table 5. 

In the group of mononuclear cells are included the typical monocyte and 
its direct derivatives, and desquamated pleural lining cells. These two 
cell types could be rather easily differentiated in some of the specimens; 
but in the majority of the effusions the cells were so markedly damaged 
and degenerated that a distinction (by the method employed) was 
impossible. 

The cytological results were correlated with both clinical and chemical 
data. The actual or percentage number of any of the cell types does not 
seem to be dependent on any chemical constituent. Neither was it 
possible to establish any noticeable relation between the cytological 
picture and clinical phases, such as age of fluid, symptomatology of 
onset, pathologicoanatomical nature of the parenchymal lesion, etc. 
For example, specimens 17 and 18 are quite recent effusions, both have a 
relatively high total cell count, but one is more lymphocytic and the 
other more leucocytic in character. It may be specially mentioned that 
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there is no direct relation between total cell count or number of poly- 
morphs and the fibrin or protein content. 

With a high total cell count there is a definite, but not quite regular, 
tendency to a higher percentage of neurophiles. 

As regards the diagnostic criteria mentioned, 7 of 28 available speci- 
mens had less than 30 per cent lymphocytes; only 5 had an appreciable 
percentage of eosinophiles and 13 had 10 or more per cent of large 
mononuclear cells. 


7: Bacteriological Findings: The question of the presence of tubercle 
bacilli in tuberculous effusions has become extremely involved since 
reports on atypical forms and on filterable forms of the bacillus are 
increasing in number and emphasis. Since we are at the present time 
engaged in experimental work on this subject, we will here only briefly 
mention our actual results on the 32 specimens. Bezancon and Weil 
(12) have recently presented a concise review of the literature. 

In none of the32 specimens was it possible to demonstrate, by bacterio- 
scopic or cultural methods, the presence of secondary invaders. 

All specimens were examined for tubercle bacilli in direct smears of the 
sediment by culture methods and by guinea-pig inoculation. Only 
three specimens were found to be positive by direct smear, 19 by culture, 
and 14 by animal inoculation. In three cases guinea-pig inoculation was 
omitted. In five cases cultures of tubercle bacilli grew when negative 
results were obtained by animal inoculation, but in three out of these 
five cases the inoculated animal died within the first three weeks. In only 
two cases did our cultures remain sterile when the guinea pig developed 
tuberculosis. Out of 32 specimens, in 11 the demonstration of tubercle 
failed by all methods; and out of 16 patients, in 4 tubercle bacilli were 
never found in the pleural effusion. We must repeat the statement of 
many previous workers that the bacterioscopic demonstration in serous 
effusions is singularly unsuccessful; the explanation for this fact will 
probably be found in phenomena of “atypical tubercle bacilli” or in 
developmental stages of the microdrganism in which it does not possess the 
classical morphological and tinctorial properties on which its microscopic 
demonstration is based (Kahn) (84). 

We may further conclude (disagreeing with quite a few authors) 
that the effusions in pneumothorax usually contain tubercle bacilli; 
in only three out of 15 patients were bacilli not found; all three were 
examined but once and in the case of one of them the inoculated guinea 
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pig died within the first three weeks. The negative specimens, nos. 17, 
18 and 23, are of quite recent development, having existed at the time of 
thoracocentesis 4, 1 and 11 days respectively. Tubercle bacilli were 
demonstrated in specimen nos. 2, 3, 4, 5, 6, 7, 9, 10, 14, 15, 16, 19, 20, 
24, 25, 26, 27, 28, 30, 31 and 32. 

All bacillary strains isolated were typical in morphology, staining 
characteristics and pathogenicity. This is mentioned since several 
authors, notably Karwacky (86), reported the occurrence of atypical 
strains in pleural effusions. So called filterable forms of the tubercle 
bacillus are supposed to occur in pleural effusions (Nasta) (117); we 
are not prepared to make a statement on this question. Filtrates of 
several specimens were injected into guinea pigs; the results were far from 
convincing. This whole subject of the filterability of the tuberculosis 
virus is now being studied in our laboratory; the results will be published 
at a later date. 


8: Serological Findings: Allegedly specific antibodies have been 
demonstrated in tuberculous serous effusions. Courcoux (37), Katz and 
Rabinowitsch (88), Salomon and Valtis (133), Paraskeropoulos (121), 
Michailow (111) and Horowitz-Wlassowa (74) report encouraging results 
with the complement-fixation test. Attempts to demonstrate specific 
antigens in pleural effusions (and in serum and other body fluids) are 
numerous; mention may be made of the work of Bruck (27), who seems 
to have been the first to demonstrate successfully the presence of antigen 
in the blood-serum. Biot (15) and Arloing and Biot (3) demonstrated 
both antigens and antibodies in serum and exudates. Jousset (82) and 
Ogawa (118) used precipitating antisera for the demonstration of antigen 
inexudates. Debréand Paraf (40) report similar work. These attempts 
have recently been revived by Doan (45); who reported favorable results, 
using a phosphatid fraction of the tubercle bacillus and its homologous 
antiserum. 

We examined a number of pleural effusions (some of the specimens 
mentioned in this work and quite a few additional effusions) by com- 
plement fixation for the presence of antigen and antibody. As antigen 
we used a suspension of tubercle bacilli and the lipoid antigen on which 
we reported in previous publications; as antiserum we used the serum of a 
sheep highly immunized with tubercle bacilli. The results indicate that 
the demonstration of antibodies succeeds in a fair percentage of cases, 
but that the reaction is not any more specific than that with blood-serum. 
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In most samples complement fixation was unable to demonstrate the 
presence of antigen. A number of effusions had a strongly agglutinating 
action upon Staphylococcus aureus; this was demonstrable in dilutions of 
more than 1:5000. If two drops of pleural fluid were added to a broth 
tube freshly inoculated with Staphylococcus aureus, the organism would 
grow in granular masses, leaving the broth free from diffuse turbidity. 


DISCUSSION 


1: Mechanism of Formation and Resorption of Pleural Effusions: From 
an analysis of experimental data a few definite facts can be concluded. 
The outstanding one is the great capacity of the pleural cavity to elimi- 
nate an almost unlimited variety of substances in a rapid and complete 
fashion. The active factors in the elimination are the lymphatics, the 
blood capillaries, and phagocytic cells. Our data supply proof for the 
great permeability of the pleura in ezther direction. The reasons why the 
permeability from blood to pleural space does not become evident under 
normal conditions are obscure and are hardly discussed in the literature. 
In the face of the experimental evidence, it is fully justified to ask why 
the pleural space is not always filled with a plasma-like fluid, a question 
which is apparently more difficult to answer than that of the why and 
how of pleural effusions. The massaging action of the visceral upon the 
parietal pleura is undoubtedly an important factor, but the prompt, 
although somewhat delayed, resorption of fluids from a pneumothorax 
cavity with unaffected pleura makes it evident that this mechanical 
factor cannot be the sole explanation. Neither is this problem fully 
explained by the fact that the normal lymph flow is—essentially—away 
from the pleura, because, once fluid is accumulated in the pleural cavity, 
all constituents of the blood pass readily enough through the pleural 
barrier. 

When pleural effusions of inflammatory origin are formed, an alteration 
of the pleural permeability must be assumed to account for the sudden 
passage of plasma constituents into the pleural space. That inflam- 
matory processes increase the permeability of capillaries and endothelial 
linings is well known; this mechanism must be assumed for the pleura. 
The degree of alteration is indicated by the number of haematogenous 
cells found in incipient effusions. But the increased permeability is, in 
the acute stage, not a “one-way mechanism,” since all experimental data 
indicate a very easy exchange of substances in either direction. Even 
under the assumption of an increased pleural permeability during the 
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evolutive stage it remains to be explained which factors prevent simulta- 
taneous resorption. 

Resorption (or nonresorption) of pleural exudates is equally unex- 
plained. Both experimental and histologicopathological data indicate 
that in the subacute and chronic stages the permeability of the pleura is 
markedly impaired. But how is it to be understood that many effusions 
will resorb after a long duration and after chronic and irreversible 
structural changes have taken place? In animal experiments, it was 
found that isotonicity between plasma and effusion facilitates resorption. 
If this is the case, why is isotonicity not established at the stage of highest 
permeability, that is, in the evolutive stage? And if it is established, 
why does resorption not promptly occur? 

It does not belong to the scope of this paper to discuss the aetiology and 
pathogenesis of pleural effusions. The variety which occurs so frequently 
while one lung is collapsed by artificial pneumothorax has been in- 
terpreted in various ways: (1) as true tuberculous pleuritis; (2) as tuber- 
culin reaction without bacillary invasion; (3) as true transudate; (4) 
as nonspecific pleuritis due to mechanical irritation by intrapleural 
pressure, or injury to the pleura, or due to chemical irritation by the 
insufflated gas, or the local anaesthetic. It is obvious that most data 
available, including our own, would favor the first opinion. 

No attempt to distinguish between pleural transudates and pleural 
exudates has been made in this paper. Bezangon and Weil (12) stress the 
quantitative, rather than qualitative, differences. Among our speci- 
mens there was no effusion which could properly be called a transudate, 
for the only fluids possessing characteristics of the transudates also 
showed simutaneously some properties of exudates. Thus fluid 3 had a 
low cell count (below 1000) and a low specific gravity (below 1.018, the 
figure frequently mentioned as the dividing line), but its protein content 
was not low, it was in fact over 3 per cent, and it contained tubercle 
bacilli. Again, fluids 13 and 21 contained no tubercle bacilli; 13, 21 
and 24 all had specific gravities below 1.018, but they did not have low 
cell counts or low protein content. These four fluids were the first 
withdrawn in their respective series, and in each case the fluid obtained 
on the second tapping showed an increased specific gravity, now falling 
in the exudate range; a greater cell count was found on the next tapping 
after fluid 3. In none of these effusions was the glucose content equal to 
that of the blood; hence, according to Hiruma (72), they were all exudates. 
The time interval between the formation of a fluid and its withdrawal 
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was in many cases too brief to permit the assumption of a general 
occurrence of transudation before exudation. The cases in which pre- 
liminary transudation was suggested did not show any greater proportion 
or faster rate of fluid resorption than the cases with strict exudation. 

It is hardly possible to decide whether effusions of the variety discussed 
here must be regarded primarily as manifestations of a functionally 
incompetent pleura or as a result of the optimal adaptation to the existing 
condition (of infection). It was pointed out that the normal pleura 
permits constituents of the blood to pass; the maintenance of a pleural 
effusion may, then, be interpreted either as heightened activity of the 
normal pleural function in one direction, or as an impairment of its 
permeability in the other direction. Some possible justification is lent 
to the former alternative by the rather unanimous clinical observation 
that patients under pneumothorax therapy and developing effusions do 
better than those whose pleural space remains dry throughout the course 
of treatment. Furthermore, a tuberculous pleuritis is the exudative 
tissue response in an allergic stage, and analogous reactions (teleogically 
interpreted) are known to be efficient defensive processes under certain 
conditions. Pleural effusions may reveal a definite and “orderly” 
functional stage of the pleura by the frequently observed tenacity with 
which they maintain their volume and their chemical composition over 
considerable periods of time in spite of changes in the intrapleural pres- 
sure, withdrawal of fluid, and various therapeutic attempts. 

The factors which maintain an effusion and those which cause it to 
disappear are numerous, even if the primary causative agent be excluded 
from the discussion. The histological changes in the pleura, as they are 
known to-day, do not provide a complete explanation, since, for example, 
fibrotic hyalinized membranes are formed both in the absence and 
presence of effusions. Iversen and Johansen (77) suggested recently 
that the factors governing resorption were the hydrostatic pressure in 
capillaries and in the pleural space, and the osmotic pressure in plasma 
and effusions. In active resorption, the equilibrium between the two 
sets of pressures is broken by hydrolysis of the proteins in the pleural 
fluid, setting free water which is more easily resorbed than proteins. 
That pleural effusions contain proteolytic enzymes is known (Weiss) 
(157). 

The two facts that the normal pleura resorbs artificially-introduced 
fluid promptly and completely, and that under pathological conditions 
pleural effusions exist over a long period of time, indicate at once that 
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not the chemical nature of the effusions, but alterations in the pleural 
permeability are responsible for the existence of effusions. A chemical 
analysis of effusion and plasma should reveal important facts about the 
barrier—the pleura—which separates the two fluids. 


2: Chemistry of Pleural Effusions: It is at once apparent that chemical 
data can only with the utmost caution be used for the explanation of the 
mechanism of accumulation and resorption, because both processes may— 
and probably do—occur simultaneously. For example, a given constit- 
uent may be present in high concentration, because it was excreted 
into the pleura in this high concentration, or because water was re- 
absorbed. For organic constituents a further complication presents 
itself on account of possible enzymatic actions in the pleural space. 

The chemistry of the pleural effusions, the main object of the investiga- 
tion, was necessarily studied in close conjunction with that of the blood; 
the blood plays an important réle, at least in the formation and main- 
tenance of the effusion, whatever may be responsible for its resorption. 
The blood chemistry of the patients studied in this investigation was 
presumably affected by three factors,—tuberculosis, pneumothorax and 
exudation; hence no attempt has been made to evaluate the influence 
of any one factor, except that the results obtained have been compared 
with those obtained by others on tuberculosis patients; very little could 
be found in the literature on the effects of pneumothorax. Data obtained 
on the composition of pleural fluids formed after pneumothorax could 
only be compared with data from the literature on pleural effusions in 
general. 

In considering the relationship of pleural permeability to the relative 
concentrations of a chemical constituent in blood and pleural effusion, 
we assume that permeability for this constituent is high if the concentra- 
tion in the effusion runs parallel with (but not necessarily equal to) that 
in the blood. We do not conceive of the effusion as being the equivalent 
of the blood-plasma. The absence of red cells in the effusion undoubt- 
edly causes the chemical equilibria to differ considerably from those in 
the blood and in the plasma on the other side of the pleural wall, and as a 
result of the maintenance of these dissimilar equilibria, the dissimilar 
concentration in the two fluids may be observed. The actual slope of the 
band (greater or less than one), formed by plotting the concentrations in 
fluid and blood against each other, is of course indicated by the average 
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excess (either positive or negative) in the blood, as expressed in the term, 


=, already discussed for each constituent. 


Good parallelism, indicating high permeability, was found for the 
following: cholesterol, magnesium, uric acid, and preformed creatinine; 
good parallelism was found for the plasma carbon-dioxide combining 
power and hence good permeability for whatever constituents are re- 
sponsible for this function. Although it is true that no parallelism 
existed for the plotted values of the chlorides in blood and effusion, due 
to the narrow ranges in both, the narrow range and marked constancy 
of the chlorides in the effusion constitute in themselves a decided parallel- 
ism with the chlorides of the blood; the chlorides accordingly should be 
classed with the substances to which the pleura is highly permeable. 

A fair amount of parallelism, indicating fair permeability, was found 
for many more constituents: the remaining components of the non- 
protein nitrogen (amino acids, urea, total creatinine), fatty acids, serum 
albumin, plasma inorganic phosphate, whatever substances make up the 
total plasma phosphorus, sodium, and calcium. 

Only slight parallelism existed for plasma sulphate and serum globulin. 

There was no parallelism in the case of fibrin, total plasma nitrogen 
and total plasma globulins, glucose, and potassium (fibrin and glucose 
being frequently absent in the effusions). 

Fair parallelism existed between protein relationships in blood and 
effusion in the case of the albumin-globulin ratio, and the albumin and 
globulin fractions of the total plasma nitrogen. 

Attempts to correlate the concentrations of other pairs of constituents, 
as has been done for the blood of normal individuals, were unsuccessful 
with these bloods, and no interrelationships were discovered among the 
constituents of the pleural effusions. There was no general relationship 
between the age and the composition of the effusion, and progressive 
changes with time in one patient were frequently reversed in direction in 
another patient. 

Fluids with high cell counts were not, in general, different in their 
chemical makeup from those with low counts. Relationships suggested 
by some authors, between suppuration and acidity and the concentrations 
of uric and lactic acids and glucose, were not confirmed. 

What little connection was found between the changing constitution 
of the effusion and its subsequent resorption has been discussed under the 
headings of the various constituents. The correlation of chemical and 
clinical findings will be presented in greater detail. 
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A brief discussion of our blood chemical data is given in connection 
with the reported results. Here, we wish to point out only that diagnostic 
and prognostic chemical criteria have apparently only a very limited 
value. For example, the assumption that the fibrinogen content 
parallels and the albumin-globulin ratio changes inversely with the 
amount of tissue destruction may be correct in statistical presentation; 
in the individual patient, however, the relation does not always exist. 
Much the same is true for the alleged relation between cholesterol values 
and resistance or allergy, or for the glucose values relative to prognosis. 
Extreme caution should be employed in using isolated data as diagnostic 
or prognostic indices. It was stated before that the diagnostic and 
prognostic criteria from cytological and serological studies are unreliable. 
Since we did not examine any pleural effusions associated with other 
diseases, the question of differential diagnosis cannot be discussed further. 

In discussing the chemical aspects of differentiation between patients 
with exudative and productive lesions, the classification recorded in table 
1 was followed. Although every chemical constituent or property 
previously discussed in detail was investigated in regard to its variations 
between these groups of patients, only those which showed significant 
differences or marked constancy among the groups were tabulated. 
Table 6 has to do with some inorganic constituents of blood and pleural 
fluid, and table 7 with some organic constituents. 

In the patients with moderately advanced exudative lesions the 
chemistry of the blood was characterized by: the lowest pH, lowest 
plasma inorganic phosphorus, lowest plasma total phosphorus, lowest 
inorganic sulphur, lowest fatty acids, lowest fibrin and lowest globulin 
fraction of the total plasma nitrogen, the highest plasma potassium, 
highest serum albumin and albumin fraction of the total plasma nitrogen, 
highest albumin-globulin ratio, and a cholesterol above normal. The 
pleural effusions from the patients in this group showed the lowest 
carbon-dioxide combining power, lowest potassium, lowest total phos- 
phorus, lowest cholesterol, lowest fatty acids, and the lowest specific 
gravities, the highest inorganic phosphorus, and the highest fibrin. 

The blood chemistry of the patients with far-advanced exudative 
lesions was distinctive in these features: the lowest plasma carbon- 
dioxide combining power, lowest chloride, lowest plasma potassium, 
lowest serum globulin and lowest serum albumin, the highest pH, highest 
average yet most irregular plasma inorganic sulphur, highest cholesterol 
(appreciably above normal), highest fatty acids, the highest fibrin, and a 
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total plasma phosphorus above normal. In the effusions of these patients 
were found the lowest carbon-dioxide combining power (like the blood), 
lowest chloride (like the blood), lowest inorganic phosphorus, lowest 
calcium, and lowest inorganic sulphur, the highest cholesterol content 
(like the blood), and higher specific gravities than in the moderately 
advanced cases. 

The patients with far-advanced productive lesions showed the following 
characteristics in their blood chemistry: The lowest cholesterol (normal), 
lowest albumin fraction of the total plasma nitrogen, and lowest albumin- 
globulin ratio, the highest plasma carbon-didxide combining power, 
highest chlorides (above normal), highest plasma inorganic phosphorus, 
highest serum globulin and globulin fraction of the total plasma nitrogen, 
and a total plasma phosphorus above normal. The pleural effusions of 
these patients showed the lowest fibrin, lowest albumin and albumin 
fraction of the total plasma nitrogen, and lowest albumin-globulin ratio 
(like the blood), the highest pH, highest carbon-dioxide combining power 
(like the blood), and hence the highest actual and potential alkalinity, 
the highest chlorides (like the blood), highest potassium, highest calcium, 
highest fatty acids, highest globulin and globulin fraction of the total 
plasma nitrogen (like the blood), and the highest specific gravities. 

Characteristic of the far-advanced cases in both groups are a high total 
plasma phosphorus, in the blood and also in the pleural effusions; a 
potassium concentration in the blood plasma which is appreciably above 
normal, yet not as high as in the moderately advanced exudative group; 
the fatty acids of the blood are very similar and higher than in mod- 
erately advanced cases; in the effusions, the cholesterol values are similar 
and higher than in the moderately advanced exudative group. 

It will be noted that the agreement as to highest and lowest values for 
the same constituent between blood and effusion is apparent in only a few 
instances. 

Studies on diseased human pleurae have shown that their permeability 
is altered in either direction, but usually decreased. We are engaged at 
the present time in a study of the influence of certain drugs on the per- 
meability of the pleura. 


IV. SUMMARY 


1. Experiments on rabbits show that the normal pleura is highly 
permeable in either direction for the constituents of the blood. 
2. In patients under pneumothorax treatment for pulmonary tuber- 
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culosis and with pleural effusions, a marked decrease of the pleural 
permeability is shown by actual experiments and must be assumed to 
exist from the results of chemical studies of the blood and the pleural 


effusion. 

3. In 16 such patients, 32 specimens of pleural fluid and blood were 
examined chemically. The results, more complete than any heretofore 
reported, are discussed particularly from the standpoint of pleural per- 
meability. 

4, Cytological, bacteriological and serological studies on these 32 
specimens are reported. 

5. Neither chemical, nor cytological, nor serological data afford 
per se dependable diagnostic or prognostic criteria. 

6. The failure of resorption of pleural effusions cannot be explained by 
their chemical constitution; it must be due to an alteration in the pleural 
permeability. 
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PULMONARY AND SECONDARY INTESTINAL 
TUBERCULOSIS 


A Correlative Study! 


ELI H. RUBIN 


It is surprising that in the numerous studies of secondary intestinal 
tuberculosis there is practically no information on the relationship which 
this complication bears to the primary disease in the lungs. Very 
likely this deficiency accounts to some extent for the extreme views 
recorded in the literature. For example, it is the belief of a number of 
physicians who observe many patients in advanced stages of pulmonary 
tuberculosis that an intestinal complication foreshadows a fatal evolution 
in a few months. On the other hand, there are others whose experience 
with sanatorium patients has made them more optimistic of the eventual 
outcome of this disease. The former are impressed by the frequency of 
intestinal tuberculosis observed at autopsy; the latter are cheered by the 
improvement in their patients with symptoms suggesting intestinal 
tuberculosis when under suitable sanatorium treatment. To what 
extent, if at all, the character of the pulmonary lesion influences the 
course of the intestinal complication is not generally known. But, werea 
definite correlation shown to exist between the two, it would help rec- 
oncile such divergent opinions as have been expressed on the subject 
and, at the same time, lead to a better understanding of the problem. 


MATERIAL 


This study comprises 500 consecutive autopsies performed at the 
Montefiore Hospital on patients who died of pulmonary tuberculosis 
and whose thoracic and abdominal organs were studied in detail. In 12 
patients pulmonary tuberculosis was one of two or more major path- 
ological diagnoses. In 25 others the intestines alone had been examined. 
Neither of these two groups is included. 

As shown in table 1, the 500 autopsies revealed macroscopic tubercu- 
lous ulcerations in the intestines in 324. Arranged according to age- 
groups, it is to be noted that the frequency of intestinal tuberculosis 
depends upon the age of the patient. Although the mean incidence for 
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the entire group is approximately 65 per cent, it applies only to the 
31-50 year age-group. In individuals below 31 years the incidence is 78 
per cent, while in those over 50 it is 39 per cent. 

The frequency with which ulcers were found in the various segments 
of the intestinal tract were as follows: Duodenum 1.6 per cent; jejunum 
28 per cent; ileum 74 per cent; appendix 22 per cent; caecum 60 per cent; 
colon 42 per cent; rectum 11 per cent. 

The 324 cases with intestinal tuberculosis were studied as follows: 
The clinical history and course of disease of each patient were recorded 
in detail. Similarly, the autopsy findings in each case were tabulated 
with respect to the character of the pathological changes in the lungs, 
intestines, larynx, and other extrapulmonary localizations. The entire 


TABLE 1 


21-30 


48 136 32 
36 108 12 


Percentage with intestinal 
tuberculosis 75% | 719% 38% 


78% 39% 


material was classified in 4 groups according to the nature of the pul- 
monary lesion. 


Group 1: Fibroid pulmonary tuberculosis with a marked predominance of 

fibrosis and calcification 58 cases 

Group 2: Caseous and fibrocaseous pulmonary tuberculosis with a marked 
predominance of caseations and tuberculous bronchopneumonia 

55 cases 


Group 3: Fibrocaseous pulmonary tuberculosis with a moderate predominance 
of fibrosis 75 cases 
Group 4: Fibrocaseous pulmonary tuberculosis with a moderate predominance 
of caseation and tuberculous bronchopneumonia 88 cases 
Unclassified 48 cases 


Although the autopsy protocols at the Montefiore Hospital are un- 
usually rich in description, 48 cases remained unclassified. The majority 
of these were of fibrocaseous pulmonary tuberculosis with fibrosis and 
caseation of more or less equal degree, as far as could be judged from the 
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pathologist’s description. 


To add to the accuracy and clarity of this 


study groups 3 and 4 will not be presented in detail. By limiting the 
presentation to predominantly fibroid (group 1) and caseous (group 2) 
forms of pulmonary tuberculosis, greater emphasis will be directed to the 
nature of the intestinal complication in these two contrasting groups. 
The lesions encountered in the intestinal tract were tabulated in three 


groups as follows: 


of the canal. 


Group 1: Minimal intestinal tuberculosis, —a few ulcers limited to one segment 


Group 2: Moderately extensive intestinal tuberculosis, —a few ulcers in more 


than one segment of the canal. 


Group 3: Extensive intestinal] tuberculosis, —-widespread ulcerations in one or 


more segments of the canal. 


TABLE 2 


AGE 


12-20 21-30 31-40 41-50 


4 | 20 | 23 18 10 
(11%)) (19%)| (27%)| (31%)| (40%) 


Minimal intestinal tuberculosis 


Moderately extensive intestinal 3 15 13 17 4 
tuberculosis (8%)| (13%)| (16%)} (29%)| (16%) 


24 
(40%) 


48 
(57%) 


73 
(68%) 


29 
(81%) 


Extensive intestinal tuberculosis 


6 | 81 
(50%) 
0} 52 


191 


108 84 59 


36 


324 


for determining the severity of the intestinal complication. 


It is conceivable that the number of ulcers may not be the best criterion 


An anatomi- 


cal classification, however, appeared to be best suited for our purpose. 
In subsequent charts an opportunity will be given to study individual 
cases. In table 2 are classified, according to age and extent of involve- 
ment, the 324 autopsies with intestinal tuberculosis. It is seen that in 
younger patients there is a greater tendency for widespread intestinal 


ulceration than in older ones. 


In table 3 are reviewed the histories and pathological findings of 58 
patients in whom a predominantly fibrotic form of tuberculosis was noted 
in the lungs. ‘The mean age of the patients in this group was 40 years, 
of whom 79 per cent were over 30. The average duration of illness, 


as known to the patient, was over 6 years. 


In the majority the course of 
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disease was chronic or subchronic, and the few presenting an acute course 
were probably patients who recalled the time of onset of the recent 
exacerbation of the disease. In 35 patients, or 60 per cent of the entire 
group, the extent of the intestinal involvement was minimal; in 8, or 14 
per cent, it was moderately extensive; and in 15; or 26 per cent, it was 
extensive. Definite macroscopic evidences of healing of intestinal ulcers 
were present in 13 patients (22 per cent), in those with extensive as well as 
in those with minimal ulcerations. The findings in the gross specimens 
were confirmed by microscopic study. In only one patient with exten- 
sive intestinal tuberculosis was a perforation noted. 

The incidence of tuberculosis of the larynx, the second most frequent 
complication of chronic pulmonary tuberculosis, is included in this 
study to exemplify the greater frequency of extrapulmonary localizations 
in patients having caseous forms of pulmonary tuberculosis in contrast to 
those having predominantly fibrotic disease. The parallelism between 
the intestinal and laryngeal tuberculosis in each group and subgroup of 
patients, as regards the character of the pathological process and the 
incidence, should be carefully noted. Tuberculosis of the larynx oc- 
curred in 45 per cent of the entire tuberculosis autopsy material. It 
occurred in 23 per cent of the patients with predominantly fibrotic 
pulmonary tuberculosis. 

In table 4 are reviewed the histories and pathological findings of 55 
patients in whom a predominantly caseous form of tuberculosis was noted 
in the lungs. The mean age of the patients in this group was 26 years, 
of whom no less than 76 per cent were under 30 years of age. The average 
duration of illness of this group of patients was less than 2 years, the 
course of disease, in the majority, being acute or subacute and rapidly 
fatal. In marked contrast to the preceding group of cases, minimal 
intestinal involvement was found in 7 patients (13 per cent), moderately 
extensive lesions in 3 (5 per cent), and in 45 patients (82 per cent) there 
was widespread ulceration of the intestinal mucosa. Definite healing 
was present in 4 and perforations in five. Laryngeal tuberculosis was 
found in 65 per cent of the patients in this group. 

Table 5 summarizes the findings in the two groups of cases. 


DISCUSSION AND CONCLUSIONS 


1. Astudy of 500 patients who died of chronic pulmonary tuberculosis 
revealed an incidence of intestinal tuberculosis in approximately 65 
per cent. This applied only to patients between the ages of 31 and 50 
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years. The complication was twice as frequent among patients under 
30 as it was in those over 50 years of age; of the former, approximately 
4 out of 5 had intestinal ulcerations, and of the latter 2 out of 5. 

2. In the 324 patients with ulcers in the intestines, it was observed 
that in younger individuals there was a greater tendency to extensive 
involvement. 

3. A greater proportion of elderly patients with chronic fibroid phthisis 
showed a minimal degree of intestinal ulcerations than of patients with 
caseous pneumonic tuberculosis. Of the former group, 60 per cent had 
ulcerations of minimal extent, while of the latter 13 per cent were 
similarly affected. On the other hand, extensive intestinal ulcerations 
were noted more than three times as frequently in patients with caseous 
pneumonic tuberculosis as in those with fibroid pulmonary tuberculosis. 

4. Microscopic signs of healing were seen quite frequently in tubercu- 
lous ulcers of the intestines. Definite evidences of healing were observed 
grossly in approximately 10 per cent of all the patients having this 
complication. In patients with fibrotic pulmonary tuberculosis, it was 
present in 22 per cent,—in those with extensive as well as in those with 
minimal intestinal ulcerations. Similar evidences of healing were noted 
in only 7 per cent of the patients with caseous pneumonic tuberculosis. 
Healing and healed ulcers were often found in the intestines in close 
proximity to more recent ulcerations, indicating that disease in the 
intestines had existed for some time prior to a terminal dissemination of 
the bacillus. Although perforations of tuberculous ulcers are extremely 
rare, when one considered the total number of ulcers present in; the 
intestines, such an occurrence was observed in 8 patients, including one 
in which the perforation was in a tuberculous ulcer of the stomach. Of 
these, five were patients with caseous pneumonic and one with fibroid 
pulmonary tuberculosis. The remaining two were in patients with 
fibrocaseous pulmonary tuberculosis. Ina few instances, it was observed 
that several ulcers showed perforations in the same segment of the 
intestine. 

5. In many respects, intestinal and laryngeal tuberculosis are closely 
related, both as regards their frequencies and their relationship to the 
pulmonary disease. It was not uncommon to see in the same patient 
signs of healing in the lungs, intestines and larynx. A fulminating 
pulmonary disease, on the other hand, was usually associated with a 
similar pathological process in the intestines and larynx. Regarding the 
interrelationship between the pulmonary and laryngeal lesions, this 
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PULMONARY AND INTESTINAL TUBERCULOSIS 201 


study confirms the observations of others. In addition, it is emphasized 
that intestinal tuberculosis is related to the pulmonary disease in a 
similar manner and completes a most important prognostic triad. An 
illustrative example is the occurrence of hypertrophic tuberculosis of the 
caecum, commonly referred to as surgical tuberculosis, in patients with 
benign or obsolete disease in the lungs. 

Of the patients with fibrotic pulmonary tuberculosis, 23 per cent had 
laryngeal involvement; of those with caseous pulmonary tuberculosis, 
65 per cent had laryngeal involvement. The incidence of laryngeal 
tuberculosis for the entire autopsy material was found to be 45 per cent. 
Moreover, the character and extent of the disease in the larynx was 
duplicated in the lungs and intestines with a few noteworthy exceptions. 


TABLE 5 


2 | 88 
=] Z » Ra > < 
8 pe | & | EB 
Fibroid pulmonary | 58 | 40 | 21%] Over 6 | 60%] 14%] 26%| In 13 | In1 | 23% 
tuberculosis years (22%) 
Caseous pulmonary 76%| Less than | 13%| 5%] 82%| In4 | In5 | 65% 
tuberculosis 2 years (7%) 


Occasionally, a patient with fibroid pulmonary tuberculosis, following an 
operation, delivery or simple instrumentation, developed an acute type 
of tuberculous laryngitis, at times associated with tuberculous enteritis, 
and succumbed in a short time. In such individuals the lungs frequently 
retained their fibrotic character. 

6. In conclusion, it may be worth repeating that the prognosis of 
patients with intestinal tuberculosis is greatly influenced by the age of 
the patient, the course of the disease, and the character of the tuberculous 
process as manifested in the lungs and the larynx. Depending upon these 
factors, isolated intestinal ulcers, in elderly patients with predominantly 
fibrotic forms of pulmonary tuberculosis, pursue a slow, benign course, 
often with a tendency to heal, and have little influence, for the time, on 
the prognosis of the patient. Healing and healed ulcers are occasionally 
seen in the presence of extensive intestinal involvement. On the other 
hand, younger individuals, particularly girls, between the ages of 15 and 
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25 and having acute progressive phthisis, more often reveal widespread 
intestinal ulcerations which show less tendency to heal but greater 
tendency to perforate. 

There is no question of the added seriousness of the situation when a 
patient with pulmonary tuberculosis develops ulcers in the intestines. 
Yet, the factors which have been outlined in this study should be borne 
in mind by those physicians who have given up hope of ever seeing their 
patients with advanced pulmonary tuberculosis recover from a super- 
imposed intestinal complication. Such patients die irrespective of 
their complications. Nor should physicians, who are of the opinion 
that they are successfully treating intestinal tuberculosis in sanatorium 
types of patients, lose sight of the fact that, as the pulmonary disease in 
such patients shows evidences of remission or permanent arrest, the 
ulcers in the intestines, whether treated or not, are probably also 
undergoing retrogressive changes, and in many cases spontaneous healing. 
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THE NATURE OF THE GROWTH-PROMOTING ACTIVE 
PRINCIPLE IN THE POTATO 


In the Cultivation of Bacteria and Especially of the Tubercle Bacillus +2 
NAO UYEI 


I. INTRODUCTION 


Recently Corper and Uyei (1) devised a new method for the isolation 
and cultivation of tubercle bacilli from tuberculous materials. The 
method proved sufficiently sensitive to be used for the certified diagnosis 
of tuberculosis. It also possesses a number of decided advantages over 
the use of the guinea pig, which for over forty years has been the most 
delicate method available for the detection of small numbers of tubercle 
bacilli. ‘The success of the new culture method depends mainly upon 
two factors. These are the comparative lack of toxicity of sulphuric acid 
or oxalic acid for tubercle bacilli and the efficiency of these acids in appro- 
priate concentrations for destroying other undesirable contaminating 
microdrganisms and also the potato’s remarkable property of stimulating 
the growth of tubercle bacilli, especially when the latter are present in 
small numbers in a specimen. This property of the potato cannot be 
too strongly emphasized, for in Long’s medium, which consists of mix- 
tures of several inorganic salts and a few simple organic compounds, the 
growth of tubercle bacilli occurs only when the medium is seeded with a 
bacillary suspension containing 1 mgm. (about five billion bacilli) or more 
per cubic centimetre, and on Petroff’s medium, which consists of a 
mixture of egg and glycerinated bouillon, the bacilli (human strain) 
will grow only when seeded with a suspension containing 0.001 mgm. of 
bacilli or more per cubic centimetre. However, on the potato medium 
(potato plus glycerol), growth of the bacillus occurs when it is seeded with 
suspensions containing as little as 0.000,000,001 mgm. per cubic centi- 
metre. It is of theoretical interest as well as of practical value to deter- 


1 From the Research Department, National Jewish Hospital, Denver, Colorado. 
? This investigation was aided by a grant from the American Association for the Advance- 
ment of Science. 
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mine what substance or substances contained in potato are responsible 
for this growth-promoting action. 

A few years ago, in a study of the relation of food-accessory substances 
(vitamines) to the growth of tubercle bacilli (2), it was concluded that 
vitamin B or vitamin-B-like substances contained in certain vegetable 
extracts are probably responsible for the growth-promoting action of 
these substances on tubercle bacilli. This conception was in accord with 
the view expressed by many other workers who used other types of 
bacteria in their studies. In a recent paper, however, Thompson (3) 
suggests that the substance contained in the potato extract responsible 
for promoting bacterial growth is probably a nitrogenous material rather 
than a food-accessory substance. 

In order to understand more fully the nature of the active principle 
contained in the potato which serves to promote the growth of bacteria 
and especially tubercle bacilli the following study was undertaken. 


II. PLAN OF THE INVESTIGATION 


Two methods of attack were followed. In one method potato pulp 
(either raw or autoclaved) was separated into several fractions by extrac- 
tion with various solvents, and each fraction was examined for its activity 
in promoting the growth of tubercle bacilli. In the other method sub- 
stances which are already known to be constituents of the potato were 
tested for their growth-stimulating action on bacteria. 


A. Fractional Extraction Method 


This method of investigation may be said to be still in progress and 
the complete report on this phase must be deferred to a later date. How- 
ever, it may be briefly reported from the investigations thus far com- 
pleted that extraction of autoclaved potato with organic solvents (ace- 
tone, alcohol and ether) does not remove the active principle from the 
potato, practically all of it remaining in the residue. Extraction of the 
residue with hot 2 per cent trichloracetic acid removes all of thestarchy 
material, leaving cellulose and protein materials behind as a residue. 
This residue, however, when incorporated in Long’s medium, possesses 
no stimulating effect upon the growth of tubercle bacilli. In this part 
of the study Long’s medium, whose composition is given in table 1, was 
used as the basic medium, since it contained no organic substances other 
than asparagin, glycerol, and agar-agar. This medium only supports 
growth after a heavy seeding of bacilli, such as a few drops of suspension 
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containing 1 mgm. or more of tubercle bacilli per cubic centimetre, but 
not with suspensions containing fewer bacilli. 


TABLE 1 
Composition of Long’s medium (4) 


Asparagin 

Ammonium citrate 
Potassium acid phosphate 
Sodium carbonate 

Sodium chloride 
Magnesium sulphate 
Ferrous ammonium citrate 
Glycerol* 

Agar-agar* 

Distilled water 


* The original Long’s medium contained 5 per cent of glycerol but it was found that 2.5- 
3.0 per cent of glycerol gives a better and more uniform growth when the bacilli are present 
insmallamounts. The original Long’s medium did not contain agar-agar, but this substance 
was added to produce a solid medium which possesses many advantages over a liquid medium 
for growing tubercle bacilli in a study of the type being pursued. 


The starchy materials which were recovered from the trichloracetic- 
acid extract by precipitation with acetone were also found to be devoid 
of growth-stimulating properties. The substances contained in the 
filtrate from the starchy precipitate were not tested for their effect on the 
growth of tubercle bacilli because they could not be freed from trichlor- 
acetic acid. 


B. The Influence of Substances Known to be Contained in Potato on the 
Growth of Tubercle Bacilli 


1. The method of investigation 


Using Long’s medium as the basic medium, the substances which are 
known to be contained in the potato, as well as the hydrolytic products 
of these substances, were tested for their growth-stimulating action on 
tubercle bacilli. A definite amount of substance to be tested was intro- 
duced into Long’s medium and about 9 cc. of this mixture was introduced 
into a bacteriological culture tube (6 x 2 in.). The tubes were sterilized 
at 15 Ibs. pressure for thirty minutes. Tubercle bacilli (a virulent human 
strain) were seeded on the cooled and slanted medium, using about three 
to four drops of a fine suspension of the bacilli of known concentration. 
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Usually four concentrations of bacterial suspension were used: 1.0, 0.01, 
0.000,1, and 0.000,001 mgm. per cubic centimetre. 

As controls, two varieties of medium were used. One was Long’s 
medium which, as said, supports bacterial growth when seeded with 1.0 
mgm. The other medium was one called Medium L-P, consisting of 
Long’s medium containing 25 per cent by weight of autoclaved potato 
and supporting a luxuriant growth of bacilli when seeded with 1.0 mgm. 
and a slight but a definite growth even when seeded with 0.000,001 mgm. 
After the culture media were seeded they were kept in an incubator for 
about three months, and during this time weekly records of the bacterial 
growth were made. In this paper, the grade of bacterial growth is 
denoted by numbers, as follows: 


0 = No growth 
1 = A scant growth on a few spots 
2= A slight growth 

3 = A moderate growth 

4 = A good growth 

5 = A luxuriant growth 

6 = A heavy luxuriant growth 


2. The effect of the proteins of the potato on the growth of tubercle bacilli 


An aqueous suspension of tuberlin, the main protein of the potato, 
was prepared by the method of Osborne and Campbell (5). Ground 
raw potato was extracted with 10 per cent sodium chloride, and the salt 
was dialyzed out in a collodion sac under running water. ‘To the sus- 
pension of tuberlin thus obtained, enough salts and other ingredients were 
added to make a suspension of tuberlin in Long’s medium. The con- 
centration of tuberlin in this medium was such as would be found in the 
medium “L-P” or containing about 0.55 per cent protein in the medium. 
After sterilization at 15 lbs. pressure for thirty minutes, it was used in 
the experiment. This medium is called the potato-protein medium. The 
residue after the extraction of the protein was incorporated with Long’s 
medium and wasalso tested. Thisis called the nonprotein-potato medium. 
The potato-protein medium thus prepared gave growth equal to that of 
Long’s medium but no better, while the nonprotein potato medium gave 
growth far exceeding that obtained on Long’s medium and almost equal 
to the growth obtained on the medium “‘L-P,”’ indicating that the active 
principle for the growth of tubercle bacilli does not reside in the protein 
fractions of the potato. 
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3. The effect of the salts of the potato on the growth of tubercle bacilli 


Autoclaved potato was dried at 110°C. and then ashed at a dull red 
heat in an electric muffle furnace. The ash was first extracted in hot 
water and filtered. The residue remaining was then dissolved in aqua 
regia, evaporated im vacuo to remove the acids, dissolved in water, and 
neutralized with sodium hydroxide, when the solution was combined with 
the filtrate. The total ash solution thus obtained was added to Long’s 
medium in various concentrations and used in the experiment. There 
resulted no stimulation of growth of the bacteria in the Long’s medium 
to which had been added the ash of the potato consisting of the inorganic 
salts. The growth of the bacteria was slightly retarded by the potato 
ash in high concentrations and no stimulation of growth occurred in 
lower concentrations of the ash salts. 

Since certain higher as well as the lower forms of vegetable life are 
stimulated in growth by the presence of a small amount of the salts of 
heavy metals, the effect of copper sulphate and zinc sulphate on the 
growth of tubercle bacilli was studied. The concentration of the salts 
varied all the way from 1 per cent to 0.000,000,1 per cent contained in 
Long’s medium. There was noted no evidence of a stimulation of the 
growth of tubercle bacilli by these salts. In an experiment of this type 
it is necessary to take every precaution to avoid the introduction of 
minute quantities of these metallic substances in the controls. There- 
fore the purest possible ingredients had to be used in making up the me- 
dium, not, however, to the point of the obviously absurd and impractical. 


4. The effect of inosite on the growth of tubercle bacilli 


While this investigation was in progress, Edna B. Eastcott (6), work- 
ing in the laboratory of W. Lash Miller, announced that inactive inosite 
is one of the active components of Bios and that it has a remarkably 
stimulating action on the growth and multiplication of yeast cells. Since 
this substance also occurs in potato, it appeared interesting to determine 
its effect on the growth of tubercle bacilli. 

Inactive inosite (Eastman Kodak Co.) was added to Long’s medium 
in varying concentrations (from 1 to 0.000,5 per cent) and the medium 
was seeded with two different suspensions of virulent human tubercle 
bacilli. One suspension contained 5 mgm. and the other 0.1 mgm. of 
bacilli per cubic centimetre. Evidence was obtained of stimulation of 
growth in tubes planted with 5 mgm. of bacilli per cubic centimetre in 
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Fic, 1. THe Errect oF EXTRACTING AUTOCLAVED POTATO WITH ACETONE ON THE GROWTH 
OF VIRULENT HUMAN TUBERCLE BACILLI 


The tubes were seeded with a suspension containing 1 mgm. bacilli per cubic centimetre 
and incubated for 5 weeks at 37°C. Tube 1 contained Long’s medium; tube 2, 25 per cent 
autoclaved potato in Long’s medium; while tubes 3, 4 and 5 contained the acetone extract 
(freed from acetone) in amounts equivalent to 30, 15 and 5 per cent, respectively, of auto- 
claved potato. Tube 6 contained the residue from the acetone extract, while tube 7 con- 
tained both the acetone extract and the residue equivalent to 30 per cent potato. Note a 
heavy luxuriant growth on the media containing the residue from the acetone extract (tubes 
6 and 7) and on the potato medium (tube 2), but no growth on the other media. 


Fic. 2. THE Errect OF DIGESTING THE RESIDUE FROM THE ACETONE EXTRACT OF AUTO- 
CLAVED POTATO WITH TAKA-DIASTASE ON THE GROWTH OF TUBERCLE BACILLI 

The tubes were seeded with a suspension containing 0.01 mgm. per cubic centimetre of 
virulent human tubercle bacilli and incubated for 10 weeks at 37°C. Tubes 1 and 2 contained 
Long’s medium and Long’s medium plus 0.2 per cent Taka-Diastase, respectively. No growth 
occurred on these tubes. Tube 3 contained the residue from the acetone extract in Long’s 
medium equivalent to 30 per cent potato. Tubes 4 and 5 (Long’s medium) contained the 
residue from the acetone extract digested with Taka-Diastase and filtered; amounts equivalent 
to 30 and 15 per cent potato, respectively, were contained in4and 5. Tube 6 contained the 
residue obtained after filtering off the enzyme digest of the residue from the acetone extract. 
Note a luxuriant growth on the residue from the acetone extract (tube 3), a slight growth on 
the undigested portion (tube 6) and no growth on the digested portion of the residue from the 
acetone extract (tubes 4 and 5). 

Fic. 3. THE EFFECT OF INOSITE ON THE GROWTH OF TUBERCLE BACILLI 


These tubes were seeded with a suspension containing 10 mgm. of virulent human tubercle 
bacilli per cubic centimetre and incubated for 5 weeks at 37°C. Note the heavier and more 
luxuriant growth of the bacilli in tubes 2, 3, 4 and 5, in which inactive inosite (Eastman 
Kodak Co.) was present in amounts of 1, 0.1, 0.01 and 0.01 per cent, respectively, in Long’s 
medium, as compared to tube 1 containing Long’s nonprotein medium alone. With smaller 
amount of seeding (0.1 mgm. per cc.), no growth occurred on these media. 

Fic. 4. THe Errect or PoTATO STARCH ON THE GROWTH OF TUBERCLE BACILLI 

These tubes were seeded with a suspension containing 0.01 mgm. of virulent human tu- 
bercle bacilli per cubic centimetre and incubated for 11 weeks at 37°C. Tube 1 shows no 
growth on Long’s medium while tube 2 shows a luxuriant growth on the Long’s medium con- 
taining 25 per cent autoclaved potato. Tubes 3, 4, 5, 6, 7, 8, 9 and 10 contained pure potato 
starch in amounts of 6.9, 2.3, 1.15, 0.46, 0.23, 0.12, 0.023 and 0.0023 per cent, respectively. 
Note the luxuriant growth on tubes 6 and 7 and a moderate growth on the other tubes except 
the last one which was negative. 

Fic. 5. THe Errect oF SOLUBLE STARCH IN THE GROWTH OF TUBERCLE BACILLI 

These tubes were seeded with a suspension containing 1 mgm. per cubic centimetre of 
virulent human tubercle bacilli and incubated for 6 weeks at 37°C. Note a luxuriant growth 
on tubes 3, 4, 5,6, 7, 8, 9 and 10 which contained Merck’s soluble starch in Long’s medium in 
amounts of 6.9,2.3, 1.15, 0.46, 0.23, 0.12, 0.02 and 0.002 per cent, respectively. Note espe- 
cially that the growth is proportional to the amount of soluble starch present in the medium. 
Tube 1 shows a slight growth on Long’s medium while tube 2 shows a luxuriant growth on 
Long’s medium containing 25 per cent autoclaved potato. 
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Fic. 6. THE EFFEcT OF SOLUBLE STARCH (MERCK) ON THE GROWTH OF TUBERCLE 
BACILLI 


These tubes were seeded with a suspension containing 0.000,1 mgm. per cubic centimetre 
of virulent human tubercle bacilli and incubated for 12 weeks at 37°C. Tube 1 shows no 
growth on Long’s medium and (tube 2) a luxuriant growth on Long’s medium containing 25 
per cent autoclaved potato. Tubes 3, 4, 5, 6, 7, 8, 9 and 10 contained soluble starch in Long’s 
medium in amounts of 6.9, 2.3, 1.2, 0.46, 0.23, 0.12, 0.02 and 0.002 per cent, respectively. 
Tubes 3 and 4 show a luxuriant growth equal to control tube 2, tubes 5 and 6 a moderate 
growth, tubes 7 and 8a slight growth, while there occurred no growth on tubes 9 and 10. 
Compare these results with those in fig. 10, where glycogen was used and the tubes were seeded 
with a heavier suspension. 


Fic. 7. THe ErFEct OF DEXTRIN (MERCK) ON THE GROWTH OF TUBERCLE BACILLI 


The tubes were seeded with a suspension containing 0.1 mgm. per cubic centimetre of 
virulent human tubercle bacilli and incubated for 8 weeks at 37°C. Tube 1 on Long’s medium 
was negative. Tube 2 with a luxuriant growth contained 25 per cent autoclaved potato in 
Long’s medium. Tubes 3, 4, 5, 6, 7, 8, 9 and 10 contained Merck’s dextrin in Long’s medium 
in amounts of 10, 5, 2, 1,0.5,0.1,0.01 and 0.001, respectively. A good growth occurred in the 
tubes containing a high percentage of dextrin while no growth occurred in tubes containing 
0.5 per cent or less of dextrin. 


Fic. 8. THE GRowTH OF VIRULENT HUMAN TUBERCLE BACILLI ON MALTOSE MEDIUM 


Seven weeks after seeding with a suspension containing 1 mgm. of bacilli per cubic centi- 
metre and incubated at 37°C. Tube 1 is Long’s medium with a sparse colony; tube 2 with a 
luxuriant growth is Long’s medium containing 25 per cent autoclaved potato, and tubes 3, 4, 
5, 6, 7, 8 and 9 contained pure maltose (Pfanstiehl) in amounts of 5, 2, 1, 0.5, 0.1, 0.01 and 
0.001 per cent, respectively, in Long’s medium. Tubes 3, 4and 5 indicate a good stimulating 
effect of maltose on the growth of the bacilli in comparison with the growth on the control tube 
1. When the tubes were seeded with a suspension containing a smaller amount of bacilli, 
no growth occurred on Long’s medium or on the media containing maltose. (Compare the 
result with figs. 6 and 7.) 


Fic. 9, THe GRowTH OF VIRULENT HUMAN TUBERCLE BACILLI ON GLYCOGEN MEDIUM 

Ten weeks after seeding with a suspension containing 1 mgm. of bacilli per cubic centimetre 
and incubated at 37°C. Tube 1 contained Long’s medium; tube 2, 25 per cent autoclaved 
potato in Long’s medium; while tubes 3, 4, 5, 6, 7, 8, 9 and 10 contained glycogen (Eastman 
Kodak Co.) in amounts of 6.9, 2.5, 1.0, 0.5, 0.1, 0.01, 0.001, and 0.0001 per cent, respectively. 
Note the uniform and equal growth on the glycogen media and on the control Long’s medium 
(tube 1), while a much heavier growth occurred on the potato medium (tube 2). Compare 
these results with those shown in figs. 3, 4, 5 and 8. 


Fic, 10, THe GRowTH OF VIRULENT HUMAN TUBERCLE BACILLI ON GLYCOGEN MEDIA 


Ten weeks after seeding with a suspension containing 0.01 mgm. of bacilli per cubic centi- 
metre and incubated at 37°C. Tube 1 contained Long’s medium; tube 2, 25 per cent autoclaved 
potato in Long’s medium; while tubes 3, 4, 5, 6, 7, 8, 9 and 10 contained 6.9 2,5, 1.0, 0.5, 0.1, 
0.01, 0.001, and 0.0001 per cent glycogen (Eastman Kodak Co.), respectively, in Long’s 
medium. A luxuriant growth occurred in the potato medium (tube 2), but no growth on 
other tubes. Compare these results with those obtained with the soluble starch (fig. 6). 
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those tubes containing 0.001 per cent or more of inosite, while in tubes 
planted with 0.1 mgm. no growth of tubercle bacilli occurred either in the 
control Long’s medium or in the experimental tubes. 

The stimulation of growth due to the presence of inosite differs from 
that produced by soluble starch or dextrin; this difference will be con- 
sidered further in the discussion. 


5. The influence of potato starch on the growth of tubercle bacilli 


Pure potato starch (J. T. Baker and Company) was incorporated with 
Long’s medium in various amounts, and its effect on the growth of 
tubercle bacilli then noted. There was good evidence of stimulation due 
to the starch, but this effect proved irregular and not proportional to 
the concentration of the starch in the medium. This irregularity will 
again be referred to in a later section devoted to the action of solu- 
ble starch. 

It should be noted here, however, that the nature of stimulation by 
starch is quite different from that by inosite. In the latter case the 
stimulation of growth is perceptible only when the culture tubes contain 
a large number of tubercle bacilli, as after seeding with suspensions of 
1.0 mgm. or more per cubic centimetre, but not in tubes containing fewer 
tubercle bacilli, while in the case of starch the stimulation of growth is 
perceptible not only with the tubes containing large numbers of tubercle 
bacilli, but also with numbers as low as 0.000,001 mgm. per cubic 
centimetre. 

Repetition of the experiment with other starches,—corn starch ob- 
tained from the Corn Products Refining Company, wheat starch obtained 
from the J. T. Baker Chemical Company and rice starch of unknown 
commercial source,—showed that these starches all had practically the 
same stimulating effect upon the growth of tubercle bacilli. 

Digestion of autoclaved potato pulp with Taka-Diastase destroyed 
practically all of the active stimulating substance or agents in the potato, 
as indicated by the inability of tubercle bacilli to develop into colonies 
on the medium prepared with the enzyme-digested potato and Long’s 
medium and seeded with the suspensions containing the smaller amounts 
of tubercle bacilli. 


6. The effect of soluble starch on the growth of tubercle bacilli 


The soluble starch (Merck and Company) used in this experiment 
gave a definite blue coloration when tested with iodine in potassium-iodide 
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solution. The soluble starch was incorporated in Long’s medium and its 
effect on the growth of tubercle bacilli was studied. The results are 
shown in table 2. The numerals in the last four columns indicate the 
relative rate of growth of tubercle bacilli on this medium after eight weeks 
at incubator temperature. 

The findings recorded in table 2 indicate that soluble starch exerts a 
pronounced stimulating effect on the growth'of tubercle bacilli, especially 
when the bacilli are present in small amounts on the medium. The man- 
ner of stimulation noted with soluble starch is quite different from that 
obtained with inosite. In the latter case the stimulation occurs only 


TABLE 2 
The effect of soluble starch (Merck) on the growth of tubercle bacilli 


AMOUNT OF VIRULENT HUMAN TUBERCLE BACILLI IN MILLIGRAMS PER CUBIC CENTIMETRE 
Prieto penthapenaiinarel CONTAINED IN THE SUSPENSION USED IN SEEDING THE CULTURE TUBES 
(LONG’s) 
1.0 0.1 0.01 0.000,1 
Control (Long’s 2 0 0 0 
medium) 
Control (Long’s 6 a 4 3 
medium + 30% 
Potato) 
6.9% 4 4 3 2 
2.3% 4 4 3 2 
1.15% 3 3 3 Z 
0.46% 3 a 5 2 
0.23% 3 2 1 1 
0.12% 2 2 1 1 
0.02% 2 1 1 0 
0.002% 2 0 0 0 


when the bacilli are present in large amounts. This will be further eluci- 
dated in the discussion at the end of the paper. 

It should also be noted that the stimulation of growth of the tubercle 
bacilli is proportional to the amount of soluble starch in the medium. 
In the case of plain potato starch (the insoluble form), the effect of stimu- 
lation was irregular and was not directly proportional to the amount of 
starch in the medium. No satisfactory explanation for this has been 
found, though it is probable that the soluble form of starch (including 
dextrins, see experiments recorded below) is the main stimulating agent 
and not the insoluble form of starch. The irregularities of stimulation 
noted in the case of the plain (insoluble) starch is probably to be ac- 
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counted for by the irregularity in stimulation exerted by the soluble starch 
present which was produced during autoclaving of the medium from the 
insoluble starch. The uniform distribution and uniform concentration 
of soluble starch in the plain potato-starch medium was probably lacking 
in this case as a result of the incomplete conversion of the insoluble starch 
into the soluble form. Probably the presence of agar-agar and other 
unknown factors may have added to the factors producing the irregular 
results. It is suggestive that the soluble-starch medium on which 
tubercle bacilli had been growing for several weeks did not give a blue 
iodine reaction while the same medium not planted with bacilli gave a 
distincly positive starch-iodide test. 


7. The effect of dextrin on the growth of tubercle bacilli 


Merck’s dextrin, which gave no blue coloration but a distinct wine-red 
color with iodine solution, was used in the following experiment. The 
effect of this substance on the growth of tubercle bacilli paralleled that 
of soluble starch, that is, it stimulated the growth of the bacilli especially 
when they were present in small numbers. A comparison of the two 
substances, however, showed that soluble starch produced better stimu- 
lation than dextrin. The stimulating effect of the former could easily 
be noted even when it was present in the concentration of 0.02 per cent 
of the medium, while with dextrin the effect was only noted when present 
in concentration of 0.5 per cent or more. 


8. The effect of maltose and glucose on the growth of tubercle bacilli 


Repeated experiments, in which maltose (both technical and C. P., 
Pfanstiehl) or glucose (C. P., Merck) were used, did not reveal any 
evidence of a stimulating effect of these substances when the bacilli 
were few in number in the suspensions used. When the bacilli were 
present in such large amounts as 1.0 mgm. per cubic centimetre or 
more, however, there was evidence of a slight stimulating action with 
either of these substances. 


9. The effect of tyrosine on the growth of tubercle bacilli 


Tyrosine (Coleman and Bell Company) in higher concentrations (0.1 
per cent or more) in Long’s medium caused an inhibition of the growth 
of tubercle bacilli, while in smaller concentrations this substance had 
no effect upon growth. 
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10. The effect of glycogen on the growth of tubercle bacilli 


Since insoluble and soluble starches and dextrin were found to possess 
a stimulating effect on the growth of tubercle bacilli 7m vitro and since 
these substances, when taken into the animal economy as food, are 
usually converted into glycogen, it appeared of interest to determine 
whether glycogen possesses a stimulating effect on the growth of tubercle 
bacilli similar to that observed with starches and dextrins. Glycogen 
obtained from the Eastman Kodak Company was incorporated in Long’s 
medium in amounts varying from 6.9 to 0.0001 per cent, and the medium 
was then seeded with varying amounts of virulent human tubercle 
bacilli. There was no evidence of stimulation or inhibition of growth 
either when the bacilli were present in large or in small amounts. 


DISCUSSION 


The results noted in the foregoing experiments make it appear that 
there are two forms of stimulating substances for the growth of tubercle 
bacilli on artificial media. One is represented by inosite, maltose and 
glucose, which stimulate growth only when the bacilli are present in 
large numbers on the medium, while the other form, represented by solu- 
ble starch and dextrin, stimulates the growth of the bacilli when the 
latter are not only in large numbers but also in small amounts. In the 
light of these observations it would seem that the first form of growth 
stimulants may be termed “metabolic stimulants or adjutants,” while 
the latter form merit the designation of “reproductive stimulants 
or adjutants.” 

Tubercle bacilli (and possibly other microérganisms) are capable of 
growing and multiplying in a medium containing a few inorganic salts 
and simple organic compounds if the bacilli are planted on the media 
in large amounts orin heavy lumps. But when planted in small amounts 
such media fail to reveal signs of growth. A possible explanation for 
this effect would appear to be that in the aggregate state (as with heavy 
seeding) the reproductive function of the microérganism is stimulated 
as a result of the presence of a reproductive stimulant present in the 
surrounding medium. This reproductive stimulant was probably origi- 
nally present in the cells of the microdrganisms in small amounts, but has 
been released to the medium when the cell dies and becomes autolyzed. 
With heavy seeding of bacilli the concentration of this stimulant reaches 
a point where the cells are stimulated to reproduction, and there results 
the appearance of colonies on the medium. But with light seeding 


' 
| 


216 NAO UYEI 


the bacilli are so sparsely scattered over the medium that even death of 
these cells does not result in attaining a concentration of the stimulant 
sufficient to effect reproduction, and thus colonies fail to appear on 
the medium. 

When a reproductive stimulant or adjutant, however, is present in 
suitable amounts in the medium otherwise poor in such stimulants, 
the reproductive function of the microérganism is stimulated, even 
though the bacilli are few, and there result gross colonies on the medium. 
The function of the reproductive stimulants is exercised for tubercle 
bacilli by soluble starch and dextrin. 

Metabolic stimulants, however, due to a lack of stimulating properties 
for reproduction, cannot induce the growth of the bacilli in a medium 
poor in reproductive stimulants nor in the presence of only a few micro- 
organisms. With heavy seeding, however, when reproduction continues, 
the metabolic stimulants tend to give a more luxuriant growth as com- 
pared to that on the control medium which does not contain metabolic 
stimulants, since these increase the growth-rate by stimulating the 
metabolism of the microdrganisms already present. 

It is interesting to note in passing that glycogen, in contrast to some 
of the starches and sugars, possessed no stimulating effect upon the 
growth of the tubercle bacilli. To some this might serve a fruitful field 
for speculation, but to the conservative it serves only as a stimulus 
for further study, especially by in vivo methods. 

Regarding the nature of the active principle in the potato which serves 
to stimulate the growth of tubercle bacilli, it would appear from the fore- 
going studies that there are at least several factors concerned. Among 
these, soluble starch and dextrin would seem to be the most important 
and most potent components present in the potato, while maltose, glucose 
and inosite play a more minor part. The stimulation of the growth of 
tubercle bacilli, produced by any one of these substances alone added to 
Long’s medium in optimum concentration, does not suffice in any case 
to equal the action of potato added to the same medium in optimum 
amount. Whether various combinations of these substances will produce 
stimulation of growth equal to that obtained with the potato or whether 
the potato contains still another active principle besides those substances 
mentioned above remains for future study to determine. 


SUMMARY AND CONCLUSIONS 


1. Practically all of the active principles in potato for the growth of 
tubercle bacilli zm vitro are to be found in the residue of the potato after 
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its extraction with the common organic solvents, such as acetone, alcohol 
or ether. 

2. Investigation of the effects of the various elements known to be 
present in the potato revealed two classes of stimulants for the growth 
of tubercle bacilli. One class is represented by inosite, maltose and 
glucose, and is termed metabolic stimulants, because they stimulate the 
growth of tubercle bacilli only when the bacilli are present in large 
numbers, while the other class of stimulant is represented by soluble 
starch and dextrin, and is termed reproductive stimulants, because they 
stimulate the growth of tubercle bacilli not only when these are in large 
numbers, but also in small numbers. 

3. Glycogen does not appear to possess the property of stimulating 
the growth of tubercle bacilli zm vitro, and future studies will be required 
to further elucidate this. 


Note: Mr. L. D. Miller kindly assisted in performing many of the experiments recorded 
above. 
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THE SENSITIZATION OF CATTLE TO TUBERCULIN 
BY OTHER THAN TUBERCLE BACILLI:? 


E. G. HASTINGS, B. A. BEACH anp ISABEL THOMPSON 


About twelve years ago the nation-wide effort to eradicate bovine 
tuberculosis was begun. The speed with which the movement has 
progressed has been a constantly increasing one, to which many agents 
have given impetus. The constant emphasis placed on the sanitary 
importance of the disease, the recognition by the cattle owner of the 
latter’s economic aspects, the regulations of states regarding the im- 
portation of cattle, and the requirements of cities concerning milk sup- 
plies have exerted varying force in different states. 

Wisconsin raises a great excess of dairy cattle; it supplies a large part 
of the milk for the Chicago market. The state has, therefore, been 
especially influenced by the requirements of cattle-buying states, and by 
the regulations of Chicago, the first large city to require all milk sold 
within its limits to come from cows shown by the tuberculin test to be 
free from tuberculosis. 

The entire cattle population of Wisconsin, approximately 2,500,000 
cattle, has been tested. The cattle of some counties have been tested 
four times during the past 12 years, and, according to present law, the 
cattle of each county must be tested within each 3-year period. The 
total number of tests made during the period July 1, 1927, to June 30, 
1929, was approximately three millions. 

When any method of diagnosis is used to such an extent as the tuber- 
culin test has been in recent years, the strength and the weakness of the 
procedure are certain to appear. The tuberculin test has shown its 
value by the rapidity with which the incidence of the disease has been 
reduced. Approximately 46 per cent of the cattle in one Wisconsin 
county were found tuberculous on the first examination of the county 
in 1925. In 1929 less than 0.5 per cent of its cattle reacted to tuber- 


1 From the Departments of Agricultural Bacteriology and of Veterinary Science, Univer- 
sity of Wisconsin. 

? Published with the permission of the‘Director of the Wisconsin Agricultural Experiment 
Station. 
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culin. In another county 465 infected herds were discovered on the 
original test of all cattle. In a list made six months later but 20 of the 
above number of herds showed reactors. In a test six months subse- 
quent to the second but one herd had a reacting animal, and on a fourth 
testnone. In two years a county containing 34,000 cattle has been made 
practically free from tuberculosis. It is thus apparent that the failure of 
tuberculous cattle to react to the test does not present a serious problem 
in the work of eradication. 

The other possible error of the test involves the positive reaction of 
nontuberculous cattle. The various immune reactions have, until 
recently, been considered to possess a high degree of specificity. The 
tuberculin reaction was no exception. Such a thought led to Calmette’s 
dictum that every animal reacting to tuberculin is tuberculous. The 
wide use of the tuberculin test has revealed conditions which make the 
truth of the dictum questionable. 

During the entire history of the tuberculin test, it has not been possible 
to demonstrate lesions in all cattle which have given typical responses 
to the diagnostic agent. Such animals have formed a considerable por- 
tion of the total number of reactors in certain states. In Wisconsin they 
have made up approximately one-seventh of all reacting cattle during the 
past decade. They are known as “no-visible lesion, tuberculin-reacting 
cattle.” 

If such cattle are tuberculous in all cases, as Calmette would have us 
believe, their occurrence should bear some percentage relation to the in- 
cidence of the disease in the herds. A reacting animal should just as 
often show no lesions when only one of its associates has tuberculosis 
as when nearly all of them have. 

Three groups of possible false reactors to the tuberculin test should be 
considered. ‘The first includes those animals in which no apparent reason 
can be found for the reaction, that is, no lesions can be found which 
for any reason can be classed as tuberculous. This represents the true 
no-lesion reactor. The second group includes those animals which show 
areas beneath the skin, especially of the legs, which have within recent 
years been classed as tuberculous skin lesions. A third group is possible, 
including those animals showing lesions which in gross appearance are 
tuberculous, but which may be due to some other microérganism than 
the tubercle bacillus. 

One is struck, in reviewing the literature, by the infrequency of the 
confirmation of microscopic findings in sputum examinations. It is 
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possible that cultural methods and the inoculation of animals might 
show that some part of the acid-fast bacilli noted in sputa are not tubercle 
bacilli. Reisman and Baylis (1) have shown that the guinea pig must be 
used with caution as a diagnostic agent for tuberculosis since some ap- 
parently normal guinea pigs have acid-fast bacilli in the lymph nodes. 
They, as most other workers, have insisted in calling all acid-fast bacilli 
found in the tissues of animals showing some sensitization to tuberculin 
as proved tubercle bacilli. 

Gross pathological appearances may also lead one astray. Van Es and 
Martin have injected rabbits, guinea pigs and fowls with 394 lesions of 
human origin, classed as tuberculous from gross appearances. Negative 


TABLE 1 


The frequency of occurrence of no-lesion or skin-lesion animals among reacting animals from 
herds showing a varying incidence of reactors 


NUMBER 
PER CENT 
OF HERDS PER CENT 
From | NOMBER | NUMBER AND PER | PER CENT | 
WHICH CENT OF ANIMALS | SHOWING | 


ANIMALS 
ANIMALS TESTED REACTED AND KILLED; LESIONS LESIONS OR SKIN LESIONS 
WERE LESIONS IN 1914 


REMOVED 


Column J 2 3 f 10 


1 666 | 14,996 | 666 44.0 
2-4 251 6,981 | 624 ; 31.3 
5-9 55 1,528 | 354 ; ; 13.1 
9+ 35 935 | 542 5.9 6.8 


results have been obtained from 167, 42 per cent, of these lesions. The 
correctness of the original diagnosis may well be questioned. Isolated 
lesions classed as tuberculous on gross examination, mostly in lymph 
nodes, from cattle gave 30 per cent of negative results on inoculation 
into the animals above mentioned. 

The occurrence of the first two groups in Wisconsin herds showing a 
varying incidence of tuberculosis is presented in columns 7 and 8 of 
table 1, and the sum of the two in column 9. These figures are of recent 
origin. In 9 out of 10 cases or more, the test used was the intracu- 
taneous test. In column 11 are presented similar data from a period in 
which the subcutaneous test alone was used. It is to be noted that the 
values for each group are of the same order of magnitude, a fact which 
indicates that some part of the no-lesion and the skin-lesion cattle are not 


tuberculous. 
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The explanation for the true no-lesion animal has usually been that it is 
one sensitized to tuberculin by the growth of the tubercle bacillus in its 
tissues, the lesion or lesions being too minute, or too unusually located 
to be discoverable in the cursory examination possible in the ordinary 
routine of the abattoir. The Federal Bureau of Animal Industry has 
subjected to detailed laboratory examination the tissues most likely to be 
tuberculous from 4,355 such no-lesion cattle. The examination revealed 
evidences of tuberculosis in 935 cases, or 22 per cent of the whole. Ad- 
mitting that negative findings do not disprove the presence of tubercle 
bacilli in the animal, it seems fair to conclude that some part of the 3,420 
no-lesion cases were not tuberculous, but that they had been sensitized to 
tuberculin by some agent other than the tubercle bacillus. 

The microscopic examination of skin lesions has been consistently 
positive as to the presence of acid-fast bacilli. The cultural and animal 
inoculation trials have been as consistently negative. The preponder- 
ance of evidence collected by a number or workers is against the skin 
lesions being tuberculous. Watson has obtained positive results on 
animal inoculation from two cases by allowing the inoculated animals 
to live for long periods rather than the usual 60- to 120-day period com- 
monly used in diagnostic work. He, with some others, believes the skin 
lesions to be tuberculous. 

The usual explanation for the negative cultural and animal trials with 
skin lesions is that the tubercle bacilli within them are attenuated or 
dead. Neither of these explanations seems plausible in view of the 
known persistence of the tubercle bacillus in animals. Van Es and 
Martin have fed skin lesions to hogs over considerable periods. The 
results, which in all cases have been negative, offer evidence against the 
tuberculous nature of the skin lesion. The hog is one of the most delicate 
agents for the detection of each of the three types of tubercle bacillus, 
and one in the use of which no limitation as to quantity of material used 
is involved. If the acid-fast bacilli found in skin lesions are tubercle 
bacilli, it would seem necessary that now and then a lesion should be 
found which would reveal some living microdrganisms to the common 
tests, cultural, feeding, and inoculating. From the evidence available it 
seems safe to conclude that all or nearly all skin lesions are due to other 
than tubercle bacilli. 

The aim of past workers has been to establish the presence of tubercle 
bacilli in such cases as we have described. The methods used were de- 
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signed to that end, that is, animal inoculation and microscopic examina- 
tion of smears and sections for acid-fast bacilli. 


The study of the occurrence of both no-lesion and skin-lesion cases 
led us to think that some other agent than the tubercle bacillus might 
have caused the sensitization of the no-lesion and skin-lesion animals to 
tuberculin. A support of this view is found in the marked group im- 
mune reactions of the mycobacteria, so marked indeed that agglutina- 
tion, complement fixation and anaphylactic tests are of slight value in 
differentiating various members of the group, or the diseases produced 


by them. 


A marked example of group reactions has been emphasized by Hagen 
(2). It seems that avian tuberculin can be used for the detection of 
Johne’s disease (paratuberculosis) in cattle with the same certainty as 
can the product made with the specific microdrganism of Johne’s disease, 


the bacillus of Johne. 


On the other hand, Johnin will also cause a re- 


action in tuberculous birds. The two microérganisms are culturally 
most unlike, the avian tubercle bacillus growing rapidly on a number of 
simple media, while the Johnes bacillus demands very narrow nutritive 
conditions and grows very slowly. The two diseases are also very 


different. 


Further support to this view is found in the common occurrence of 
acid-fast bacilli in soil and in the intestinal tract. 

It seemed plausible to predicate the invasion of cattle by some of these 
microdrganisms, and to predicate that such invasion might sensitize 
to tuberculin, at least for a limited period after such invasion. The 
following working hypothesis was formulated:—The examination of the 
tissues of no-lesion and skin-lesion cattle for acid-fast bacilli, and the 
inoculation of cattle with such microérganisms if found. 

The only hope of finding such microérganisms in the tissues of reacting 
cattle seemed to be by the cultural method. The tissues of approxi- 
mately 150 no-lesion and skin-lesion cattle have been cultured on Dorset’s 
egg medium or on modifications of it. The tissue has usually been 
treated with antiformin, to destroy other than acid-fast bacilli. 

A considerable number of cultures have thus been obtained, ranging 
from true acid-alcohol-fast bacilli to those which are only slightly acid- 


alcohol-fast. 


A number of these cultures have been injected into guinea pigs, rabbits 
and fowls to determine whether they were mammalian or avian tubercle 


bacilli or whether they contained these. 


From those which gave nega- 
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tive results in all the above animals, a limited number were selected for 
further study, especially as regards their ability to sensitize cattle to 
tuberculin. 


TABLE 2 


Tuberculin tests of cattle inoculated with mycobacteria isolated from the tissues of no-lesion, 
tuberculin-reacting cattle 


FIRST TRIAL SECOND TRIAL 


89 days |139 days| 194 days|299 days|306 days Intracu-} Subcu- 
injec- | injec- | injec- | injec- | injec- 70-83 
tion. tion. tion. tion. tion. Postmortem Results d 

Intracu-| Subcu- |Intracu-| Subcu- |Intracu- in 

taneous | taneous | taneous} taneous! taneous 
Test | Test | Test | Test | Test . “-. 


slight 336 days after injection; 
no-lesions 


336 days after injection; 
no-lesions 


208 days after injection; 
no-lesions 

208 days after injection; 
no-lesions 

208 days after injection; 
no-lesions 

GH 208 days after injection; 

no-lesions 

68ax 208 days after injection; 

no-lesions 


Controls 
Bovine 208 days after injection; 
tubercle no-lesions 
bacilli 
Avian 
tubercle 
bacilli 
No injection 


The young cattle used in the first trial were the progeny of a herd 
known to be free from tuberculosis. They were tested before subcu- 
taneous injection with suspensions of the microérganisms. The results 
of the tests made on the cattle are presented in table 2. 

It is to be noted that 7 of the 9 animals injected with cultures reacted 


; CULTURE 
. 
13-3A -|- 
19b-3A 
Slight | — 
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to the first intracutaneous test made 89 days after injection. Three of 
the seven reacted to a subcutaneous test made on the 139th day. On 
the 194th day the animal injected with culture 33-3a responded toa 
second intracutaneous test, while the one injected with 19a-3a gave no 
reaction but on the 299th and 306th days responded to the subcutaneous 
and intracutaneous tests respectively. The animals were slaughtered 
at the college and carefully examined. No lesions were found in any 
instance. The sensitization produced by the cultures is apparently 
rather evanescent. Schalk (3) has shown that cattle kept in yards with 
tuberculous fowls become sensitive to avian tuberculin applied intra- 
cutaneously. The sensitization disappears soon after the association 
with the infected birds is broken. 

A second trial was made with five cultures. The results of the first 
test on cattle injected with these appear in the last two columns of table 
2. These cattle are still under observation. 

The results of the trials leave many questions unanswered. We be- 
lieve that they establish beyond question the ability of certain bacteria, 
isolated from the tissues of reacting cattle which have shown no detect- 
able lesions or only skin lesions, to sensitize cattle to mammalian 
tuberculin. 

The qualitative aspects of the question, that is, the sensitization of 
cattle by such micro6rganisms in nature seem certain; the quantitative 
are unknown. It would require much effort to establish how frequently 
such bacteria occur in cattle, even in the no-lesion reacting ones. The 
results of such effort would probably have little practical value as re- 
gards the eradication of bovine tuberculosis. 

It was necessary at the beginning of the eradication movement to 
consider every reacting animal as a tuberculous one. It seems proper 
to ask whether this policy should be continued. As herds are repeatedly 
subjected to examination a history is established as to their freedom from 
tuberculosis. We believe it will be found advantageous to use such data 
to supplement the tuberculin test. For example, we have the his- 
tory of a herd which for many years showed no reacting animals on 
yearly tests. Then animals began to give questionable responses to 
tuberculin. Such questionable results were obtained at subsequent 
tests in which each form of the tuberculin test was used. Complement- 
fixation tests also indicated the infection of the herd with tubercle bacilli 
or with some tubercle-like microérganism. There seemed to be no possible 
way in which the tubercle bacillus could have been introduced. The 
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detailed examination of animals giving rather consistent evidence of 
sensitization revealed no manifestations of infection with the tubercle 
bacillus. The herd history is now being used to supplement the test, 
and with apparent success, since the herd is, after a three-year period of 
questionable freedom from tuberculosis, apparently free. The results 
of the tests alone would have caused the removal and slaughter of many 
valuable animals. Many examples of such occurrences could be pre- 
sented. 


SUMMARY 


1. A number of cultures have been isolated from the tissues, usually 
lymph nodes, of cattle which have reacted to tuberculin but which have 
shown no evidences of the disease on postmortem examination. 

2. These cultures when injected into tuberculosis-free cattle cause a 
sensitization to tuberculin, which condition is, in most cases, an evanes- 
cent one. 

3. The cultures were proved free from tubercle bacilli before use in 
cattle through the injection of guinea pigs, rabbits and fowls. 

4, The cultures produce no lesions in cattle. 


CONCLUSION 


The observations made indicate that a positive response in cattle to 
tuberculin is not absolute proof of infection with tubercle bacilli. Some 
other of the mycobacteria may invade the tissues and sensitize to tuber- 


culin. 
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IMMUNIZATION AGAINST TUBERCULOSIS BY THE 
LANGER VACCINE 


D. S. BRACHMAN?! 


In 1905, Trudeau immunized guinea pigs with living tubercle bacilli 
of low virulence (human culture Ri Trudeau) and another series with 
the same culture killed, and showed that dead tubercle bacilli increased 
somewhat the animal’s resistance to subsequent inoculation. Calmette, 
Guérin and Breton, in 1907, were convinced that dead bacilli produced 
some protection, as was Loeffler in 1913, Bessau in 1916, and Strauss in 
1923, the latter working with rabbits. 

Roemer was the first to demonstrate the allergizing effect of dead 
tubercle bacilli, which was later corroborated by Baldwin, Krause and 
others, the tissues undergoing acute inflammation (allergic reaction) at 
places where bacilli focalized in sufficient numbers. If the bacilli are 
numerous enough the animals will be made acutely, even fatally, ill by 
reinfection. But if they survive the illness which usually begins a few 
hours after reinfection, they manifest their immunity by long outliving 
normal animals similarly inoculated with tubercle bacilli as of a first 
infection, or by displaying little, if any, tuberculosis due to their reinfec- 
tion, at a time when the originally normal controls will have extensive 
and thoroughly generalized disease. 

Baldwin and Gardner give an admirably worked-out account of the 
microscopic evolution of tuberculous infection in the guinea pig’s lung 
after inhalation. It seems that the regular event is for the first “crop” 
of tubercles to appear immediately beneath the pleura and that “shortly 
after the subpleural tubercles have reached the height of the degenera- 
tive stage, there appears a second generation of lesions in the depth of 
the lung, usually in the outer half.”” These latter tubercles are abortive, 
a consequence, no doubt, of the tissue allergy occasioned by the first 
tubercles. 

Whole microérganisms do not diffuse as rapidly as a suspension, the 
bacillary fragments being more rapidly absorbed in the latter. There- 
fore, though both sensitize, the intact microérganisms result in sensitiza- 


1 DuBois Health Centre, Detroit, Michigan. 
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tion of longer duration. Whichever method was used, only a partial 
success resulted from previous attempts in prophylactic immunization 
because of (1) too much infecting material being used in testing acquired 
resistance and (2) the influence of intercurrent disease. 

In no other disease is one exposed so continuously and often to very 
virulent bacteria as in tuberculosis. For this reason any immunity in 
this disease must necessarily be a very strong one, however short, to 
prevent infection. Considering that ordinarily immunity lasts from two 
to five years in disease in which exposure is very short, to produce an 
immunity lasting, say, three years in tuberculosis is a greater feat than 
it seems at first. It is known that animals ordinarily immune to tuber- 
culosis will develop the disease if sufficient numbers of virulent bacilli 
are injected. This applies to human beings as well, for whatever the 
physical condition, even in trained rowing crews or in fully trained prize- 
fighters, tuberculosis can be thus induced. Therefore, if an occasional 
child, in spite of vaccination, develops the disease, it is only to be expected, 
if the parent is transmitting large numbers of a very virulent strain of 
bacilli, or if occurring in mass infection. Hygienic measures are thus 
as important as previously, for the less the chances of infection by the 
parent (or other) the less is the strain thrown on the degree of immunity 
and thus the better the results. 

Adult inhabitants of large cities are more protected against tubercu- 
losis than are rural dwellers. Tuberculous infection of the child is 
nature’s protection against phthisis or adult tuberculosis, this process 
taking place with great sacrifices however. The study of tuberculosis in 
the Orient leads to the suspicion that good hygiene, however important 
and highly desired it may be, is of distinctly minor importance in com- 
parison with an optimal tuberculization. In India 80 per cent of the 
children under five years have positive Pirquet reactions. It is necessary 
to immunize artificially before infection has had an opportunity to occur. 

Koch considered immunization possible only by injecting living micro- 
organisms, he having failed with dead bacilli because he did not get a 
sufficiently large amount of the latter absorbed. The effect produced 
with dead bacilli cannot be compared quantitatively with protection 
afforded by infection because in the latter event the vaccinating material 
increases. 

Inoculating guinea pigs with dead tubercle bacilli of a young and very 
virulent strain, Langer was able to get an average of practically double 
the length of life of control animals, and in one case three times as long. 
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He then vaccinated infants and young children accordingly, with dead 
microdrganisms. ‘The vaccine he used was composed of evenly dissemi- 
nated very young virulent bacilli, killed by heating at 100°C. Allergy 
was produced more readily by such material than formerly. Using in- 
tracutaneous injections in infants, allergy resulted regularly, correspond- 
ing to tuberculin allergy. This artificially-produced reaction remains 
for years. Some 300 children were immunized, allergy taking place in 
three to five months, which therefore corresponds to the incubation period. 
The vaccine can be repeated in four weeks to accelerate sensitization. 

Two intracutaneous injections are given on the external side of the 
upper leg, 0.1 cc. each, or one intramuscularly of 0.2 cc. into the gluteus. 
A nodule results at each site of inoculation. This is obligatory, forming 
the primary tuberculous focus, made up however of dead instead of 
living bacilli. (Sometimes a very slight ulceration of the skin occurs, 
scarring after a few weeks, but much smaller than smallpox scars.) 
Later tuberculin injections produce focal reactions in these nodules. 

Among the infants vaccinated were 25 in Berlin, exposed to advanced 
open cases, and a further 25 in Charlottenburg. These 50, observed for 
three years, are all alive and healthy, whereas ordinarily 20 per cent 
would have died. (There were 1,571 deaths in the United States regis- 
tration area from tuberculosis under one year of age during 1928.) 

Zadek and Meyer used Langer vaccine in 19 children, including in- 
fants. All were taken away from parents till successfully vaccinated. 
These children were exposed to active tuberculosis for from one year to 
over two years. Some of them, while exposed, developed measles and 
whooping-cough without breaking down with tuberculous disease. 
There were no failures, five being free for two years and fourteen for 
one year. This vaccine has been used by the Federal Board of Health 
at Berlin. Also, at Berlin’s Zoo all new monkeys are now inoculated 
with it. 

Our subjects for the giving of Langer vaccine were procured through 
checking up all the patients in our city’s (Detroit) largest sanatorium. 
In order to give the attempt at immunization as severe a test as possible, 
we decided that the source of contact should have positive sputum and 
be a parent; hence, followed by close and continued or repeated exposure. 
Only patients, who, it was anticipated by the sanatorium physicians, 
would return home, and who promised to remain in the sanatorium at 
least four months longer, were interrogated; also, they must have been 
admitted not less than three months previously, without being home on 
leave. 
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We were able to procure, in this way, 89 eligible children for vaccina- 
tion. Of these 89, after tuberculin testing, X-ray and physical examina- 
tion, we were faced with the following results: 


Source of contact leaving 1 
UncoGperative parents or 10 


During the three-and-one-half month period of possible incubation and 
skin-reaction investigation, parents of three of the eleven children came 
home on leave, two children were taken out of the city for a few weeks 
(we had no means of settling the question of a further exposure), and 
one child developed both measles and whooping-cough, interfering with 
Pirquet skin-testing. ‘There remained, therefore, 5 children finally 
eligible for the Langer vaccine. Examination of the households in the 
case of these 5 children proved negative for further tuberculosis. The 
Langer vaccine was given intramuscularly (gluteal muscle) one dose of 
0.2 cc. with results as shown in table 1. 


CONCLUSIONS 


Prevention of tuberculosis is possible in two chief ways. The first, 
that of eliminating the possibility of infection, is ideal but impractical 
in our present civilization. Therefore, the second method, that of in- 
creasing resistance, principally remains. 

Early childhood is the most vulnerable age for tuberculous infection. 
Artificial protection of infants, by vaccination or otherwise, is the most 
efficacious means against tuberculous infection in adults. Prophylactic 
measures should take into account both endogenous and exogenous re- 
infection. Anything we can do to cut off major sources of infection will 
but eliminate the overwhelming dose. Continuous exposure between 
parent and child serves only an evil purpose. The fault with earlier 
experiments in immunization lies in attempting to create an absolute 
immunity. This cannot be accomplished and is not necessary, there 
being only a few cases in which infection is massive. 
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Subjects free from all preéxisting tuberculous infection may be arti- 
ficially immunized from natural or artificial bacillary infection. The 
duration of immunization which it confers cannot yet be precisely stated, 
but it does protect children from family infections if these have not been 
massive since birth. It would be equally advisable, in addition to new- 
born infants, to vaccinate younger children who are being exposed, but 
not before three negative Pirquet reactions. Pirquet tests should not 
be made during or immediately after measles, influenza or whooping- 
cough. 

Langer vaccine, made of very young virulent bacilli, killed by heat, is 
very suitable for immunizing purposes in this country, and I have no 
hesitation in strongly recommending its use very broadly. There is no 
apparent risk, present or future, connected with its application, and re- 
sults in Europe are entirely in its favor. 

It is necessary, in order to procure the largest number of subjects 
for this vaccination, that tuberculosis be diagnosed very early, resulting 
in contacts having the least amount of exposure, and hence less likely to 
become infected. Also, there must be sufficient institutional beds, so 
that tuberculosis patients can be immediately hospitalized, again limiting 
the length of exposure of contacts. Failing the latter facilities, additional 
quarters for the young contacts pending testing and vaccination would 
do, but the parent’s consent to this arrangement is not forthcoming in 
the great majority of cases. 

Langer vaccine in newborns is a simple, expedient and cheap method 
of producing immunity, which I hope will soon be as common in new- 
borns and uninfected young children as is vaccination against smallpox. 


This study was made possible by the codperation of Dr. Henry F. Vaughan, Commissioner 
of Health, Detroit. 
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STREPTOTHRICOSIS! 
J. J. SINGER anp HARRY C. BALLON 


Streptothrix infection in man is of relatively infrequent occurrence. 
The disease may become widely distributed in the body and may involve 
many organs. It is as complicated a disease as tuberculosis, which it 
resembles in many respects. In this connection it can be justly said that 
the possibility of streptothrix infections must always be considered 
when a patient presents himself for examination suffering from a chronic 
suppuration with pyaemia or from what appears to be pulmonary tuber- 
culosis save for the presence of tubercle bacilli in the sputum. Strepto- 
thrix infections have in the past been clinically recognized rather late, 
so that the natural history of the disease is known only through animal 
experiments, many of which are incomplete, and from the study of a 
limited number of case reports. 

In our presentation we wish to stress the clinical aspects of strepto- 
thricial infection. A brief but rather pertinent review of the literature 
has therefore been included. The patient whose history is here recounted 
was observed throughout the course of his illness. Great difficulties 
were experienced in the making of an accurate diagnosis, not only because 
the more inaccessible parts of his body were first involved but because 
his symptoms were referred successively to the kidneys, bones, skin and 
lungs. 


Case History 


A man of 32, a manufacturer, was first seen professionally on September 28, 
1928, when he complained of puffiness of ankles, hands and face, frequency of 
micturition both by day and by night, fatigue, decrease in sexual power, and 
pain in the region of the right pubis. He and his family had been known per- 
sonally for many years, His mother died at an early age of leukaemia; a 
maternal uncle from a splenic enlargement of unknown aetiology; his father 
was said to have possessed a peculiar configuration, with full, round, fat face, 
a short thick neck and rather narrow shoulders, characteristics which the pa- 
tient apparently inherited. 


1 From the Departments of Medicine and Surgery of Washington University School of 
Medicine and the Chest Service of Barnes Hospital, Saint Louis, Missouri. 
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His history makes mention of diphtheria and scarlet fever in 1903, mumps 
in 1916, influenza which was treated in Barnes Hospital in 1918, and acute 
catarrhal jaundicein 1925. For several years he suffered from mild intermittent 
attacks of what was called “cramping indigestion.” Details concerning these 
attacks were not noted. 

The patient was never athletic, but had always indulged in some exercise. 
Constipation was the rule. He used tobacco slightly to excess but alcohol in 
moderation. Hewasmarried. His wife and three children are alive and well. 

Six months before he consulted us he had gained over forty pounds in weight 
(158-200), but by dieting he returned to his normal weight. All of his com- 
plaints were of six months’ duration and developed in the order noted. 

Physical Examination: On October 8 he was admitted to Barnes Hospital. 
The examination at that period showed the following significant signs: The 
eyes, examined by Dr. Max Jacobs, revealed compound myopic astigmatism in 
both eyes, with blurring of retinal detail and a slight suggestion of contraction 
of the visual fields on the temporal side. The blood-pressure was 188/140. 
There was oedema of the extremities. Purpuric spots were found all over the 
body, but were not seen on the face and mucous membranes, The abdomen 
was pendulous and showed numerous striae which had developed following the 
recent loss in weight; some of these were an inch and a half in diameter and of a 
peculiar reddish-purple hue. It is significant that at this time the examination 
of the patient’s lungs, including fluoroscopy, was negative. A roentgen-ray 
plate, taken on October 10 (figure 1), showed dense hilar shadows of a nodular 
character. There were numerous areas of calcification and much beaded thick- 
ening of all lung markings. These extended well out to the periphery and had 
in association a fairly extensive coarse coalescent mottling. The film was 
thought to suggest healed tuberculosis and cardiac enlargement. 

The heart was not obviously enlarged; sounds were normal but the electro- 
cardiogram showed left ventricular preponderance. The patient was very 
clumsy, particularly when he attempted delicate movements with his hands, 
but less with his feet. 

A complete neurological examination on October 10 failed to reveal any 
pathological reflexes. There were no sensory changes referable to the conus 
area, and no objective signs could be found which might-explain the patient’s 
clumsiness. Lateral stereoscopic films of the skull were taken to see if there 
were any changes in the sella turcica. The skull was symmetrical and the 
sella within normal limits. There was generalized convolutional atrophy 
through the entire calvarium. The sutures were normal. The roetgen-ray 
diagnosis was “‘increased intracranial tension.” 

The leucocyte count on September 28 was 16,000, with 86 per cent polymor- 
phonuclears. At the time of admission there were 14,000 leucocytes, with 83 per 
cent polymorphonuclears; the count on October 10 was still 14,500. The red 
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Fic. 1.2 Posteroanterior view of chest, October 10, 1928. This film shows dense hilar 
shadow of a nodular character with numerous areas of calcification on either side. There is 
much beaded thickening of all lung markings which extend well out and have in association a 
fairly extensive coarse coalescent mottling. There is slight general enlargement of the cardiac 
shadow. A diagnosis of pulmonary tuberculosis and slight cardiac enlargement was suggested. 


2 All roentgen-ray films are by Dr. Sherwood Moore. 
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blood count was 4,450,000; the platelet count, 315,000 and 403,000 on different 
days; the bleeding time, three minutes and twenty seconds; coagulation, by 
Howell’s method, ten minutes; and the clot retracted in about one hour. The 
Wassermann reaction was negative. 

The patient’s urine was yellowish, cloudy and acid, and had a specific gravity 
of 1.004; the only microscopic elements were occasional finely granular casts. 
During the day the patient voided at intervals of about three hours, the 
amounts varying from two to sixteen and one-half ounces. A phenolsulphone- 
phthalein test, performed on October 8, 1928, gave the following results: First 
hour, 95 cc., 11.5 per cent; second hour, 70 cc., 10 per cent; total 165 cc., 21.5 
per cent. Nonprotein nitrogen, on October 9, was 36 mgm. per 100 cc. On 
October 10 a concentration diuresis test showed that thenight urine had a specific 
gravity of 1.011; daily specimens varied in specific gravity from 1.010 to 1.016. 
The sugar-tolerance test revealed a faint trace of sugar in the ten-o’clock speci- 
men of urine. 

After admission to the hospital the purpura and oedema increased. The 
patient was seen in consultation by Dr. David Barr and Dr. H. L. Alexander. 
It was generally agreed that he was suffering from nephritis with hypertension, 
oedema, and purpura which was not thrombocytopoenic in character. It was 
suggested that a combination of nephritis and purpura might indicate Henoch’s 
purpura and might possibly be associated with some food sensitization. The 
patient was, therefore, put on a diet free from milk, salt and wheat, on which 
he lost 12 pounds during a period of three weeks. A small crop ofpurpuric 
spots appeared on his left arm during this time, but oedema and pain in the 
region of the pubis had almost entirely disappeared. His general condition 
was greatly improved and he was discharged from the hospital on October 15 
with directions to continue his wheat-free and salt-poor diet. 

While at home the patient was seen on several occasions. He continued the 
special diet conscientiously for six weeks. During this time his oedema, pre- 
viously tending to disappear, completely vanished and he therefore lost weight. 
It is interesting to note that he stopped the diet free from wheat and milk at 
the evening meal on November 28. At two o’clock on November 29, a rapidly 
increasing oedema was noted. This continued to increase on the following 
day but disappeared on December 1. A return toa restricted diet did not cause 
a disappearance of the purpura; in fact, new crops developed while the patient 
was on this diet, and it was noted that a new and greater crop of purpuric spots 
made their appearance simultaneously with the return of the oedema. His 
blood-pressure remained high during this period. It was thought that while 
the recurrence of oedema following the ingestion of wheat after a wheat-free 
diet suggested an allergic oedema, the good results might have been due to 
reduction in the intake of salt. The tests were not sufficiently striking to form 


a positive opinion, 
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Because of recurrence of the oedema of the ankles, increase of the purpura and 
pain in the lumbar region, and because of the additional complaints of cough 
and weakness, the patient was readmitted to Barnes Hospital on December 1, 
1928. 

He had 4,240,000 erythrocytes, 80 per cent haemoglobin, 13,750 leucocytes, 
and 80 per cent polymorphonuclear cells upon admission. His blood platelets 
numbered 367,000; bleeding time was 27 minutes; an electrocardiogram again 
showed left ventricular preponderance, and simple tachycardia. Physical 
examination of the chest was again clinically essentially negative. 

Roentgen plates of the dorsal and lumbar spine on December 3, 1928, revealed 
slight generalized bone atrophy. The seventh dorsal vertebra showed a 
greatly decreased vertical dimension with otherwise preserved symmetry, both 
of itself and its discs. The transverse process of the fifth lumbar vertebra on 
the right was sacralized. A zone of calcification overlying the base of the 
transverse process of the first lumbar vertebra was noted on the right side. In 
the anteroposterior view there seemed to be loss of substance on the superior 
margin of the body of the first lumbar vertebra, with increase in density along 
the upper inferior margin of the twelfth lumbar vertebra. A destructive pro- 
cess was suggested at this point. The diagnosis made was: Kuemmell’s disease 
(compression fracture), sacralized transverse process and destructive process 
of first lumbar vertebra. 

Dr. Albert Key examined the patient on December 6, 1928, because of severe 
pain in the back. The pain was aggravated bymovement. He noted tender- 
ness, muscle spasm and slight kyphosis in the mid-dorsal region. Rest on a 
fracture board and the use of a high back brace when the patient was up and 
about were recommended. 

The patient’s wife gave the following additional history about this time: She 
recollected that about three months previously her husband had been playing 
with the children and had suddenly tripped and sat down rather forcibly on 
the steps. He experienced severe pain in his back at the time, and was appar- 
ently unable to move from this spot or to alter his position for a period of ten 
to fifteen minutes. He could, however, move his limbs. He had not experi- 
enced any further pain in the back until the present time. 

A phenolsulphonephthalein test on December 10 showed that 35.5 per cent 
of the dye was passed during the first hour and 8.5 per cent during the 
second hour. 

A Schilling differential count showed: stad cells, 7.5 per cent; segmented, 81 
per cent; lymphocytes, 9 per cent; monocytes, 2 per cent; and eosinophiles, 0.5 
per cent. 

The patient’s nonprotein nitrogen on the same day was 50 mgm. per 100 cc. 
His urine was acid, had a specific gravity of 1.010, and showed a very faint 
trace of albumen, There was no sugar. Microscopically a few hyaline and 
granular casts and epithelial cells were to be observed. 
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A roentgen-ray examination of the gastrointestinal tract on December 7, 
1928, failed to reveal any evidence of malignant tumor. 

During his first two admissions the patient was afebrile. He was discharged 
on December 14, 1928, with a diagnosis of chronic interstitial nephritis, hyper- 
tension, purpura and compression fracture of the spine. 

The patient visited Johns Hopkins Hospital during February, 1929. Those 
who saw him there did not feel that the purpura was of a thrombocytopoenic 
type. There were occasions when it was thought that a mass could be palpated 


Fic. 2. March 26, 1929. The arrows indicate the areas of fracture and callus formation 


in the right upper quadrant. The patient was therefore subjected to cystos- 
copy and roentgen-ray plates were taken following the injection of brominol. 
These plates revealed practically normal renal pelves. Throughout his stay 
at the Johns Hopkins Hospital the patient’s urine showed nothing unusual. 
The possibility of tumor metastases to the bones was, however, considered. 
Roentgen-ray examination disclosed the changes in the vertebrae already 
referred to and several healed fractures in the pelvic bones (figure 2). There 
was also an ulcer on the left shin. It refused to heal, and was then considered 
to be traumatic in origin. Multiple myeloma was again considered. The 
patient’s urine at no time contained Bence-Jones bodies, and on February 13 it 
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showed only a slight amount of albumen. His blood count on April 4 showed 
leucocytes 12,850, erythrocytes 3,940,000. Serum-calcium and phosphorus 


Fic. 3. April 30, 1929. This figure shows normal lipiodol injection of the upper portion 
of the right chest with a density in the lower half which obliterates the diaphragm. 


were normal, A parathyroid disturbance was thought of but did not seem likely 
(figure 3), 
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On May 5, 1929, the patient was again admitted to Barnes Hospital. His 
complaints on this occasion were severe cough, mucopurulent bitter expectora- 
tion which was not foul, and a fluctuating swelling over the right lower lateral 
chest. His spine had collapsed during the period between his second and 
third admissions. His height, originally over five feet, six inches, was reduced 
to considerably less than five feet. The swelling referred to was first aspirated 
on April 26, 1929, and pus was obtained. 

Streptothrix in pure culture was recovered from the pus by Miss Mehrten, 
bacteriologist of the Department of Medicine. A culture of pus aspirated from 
the abscesses yielded gram-positive organisms, with true branching. No 
other microérganisms could be detected in the smear, nor were acid-fast organ- 
isms present. A profuse growth was obtained on all aerobic plates. Old cul- 
tures presented both bacillary and mycelial forms. This streptothrix, nonacid 
fast, was pathogenic for guinea pigs. 

The patient’s sputum, blood-tinged on several occasions, was always purt- 
lent. The amount of expectoration was influenced by posture. A general 
streptothrix infection was suspected. 

The patient now had considerable difficulty in getting about because of the 
severe pain due to the condition of his spine. There were distended superficial 
veins over the right chest, particularly in the region of the 10th and 11th ribs 
in the midaxillary line. The mass over the right chest, already referred to, 
was slightly tender, and it was thought that crepitus of an underlying rib 
could be elicited (spontaneous fracture). The blood-pressure was now 182/130, 
right arm, and 174/118, left arm. Purpuric spots were present over the entire 
body but were not as marked as on previous occasions. All reflexes were 
sluggish but could be elicited. The leucocyte count on May 5, 1929, was 16,100, 
and blood platelets 340,000. 

Many rales were audible over the base of the right lung on May 6, 1929, 
Increased whisper was quite marked near the vertebral column, where breath- 
sounds and occasional shifting rales could be heard in the opposite lung. 

Fluoroscopic examination revealed the following: The right diaphragm was 
particularly high. A shadow was seen occupying the right midaxillary area 
and did not clear up on deep respiration. The left diaphragm was also higher 
than normal. 

On one occasion the brownish blood-tinged pus, which was aspirated from the 
swelling over the right chest, showed degenerated and broken-down tissue. 
Smear and culture again revealed streptothrix in uncontaminated form. Blood 
and urine cultures for streptothrix were negative on May 7. Streptothrix 
was, however, recovered from the sputum. Repeated aspirations at the same 
site then followed at intervals. 

The patient was again seen by Dr. Key, who thought that the bone lesions 
were probably due to the streptothrix condition. 
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A differential blood count on May 8 showed stabs, 17 per cent; segmented, 
68.5 per cent; eosinophiles, 1.5 per cent; juveniles, 1.5 per cent; lymphocytes, 
10 per cent; monocytes, 1.5 per cent. The leucocyte count on the following 
day was 19,800, and on this date 65 cc. of a thick yellowish-white pus, slightly 
blood-tinged, were aspirated from the right anterior inferior chest-wall. Speci- 
mens of pus were inoculated into guinea pigs. 

The patient experienced intercostal pain and some pain in the right shoulder 
during an aspiration on May 11, when 70 cc. of pus were obtained. The needle 
had been inserted for a distance of over four inches. The possibility of an 
empyaema necessitatis or of a lung abscess could not be excluded. The ribs 
could not be palpated with the needle. The last 10 cc. of thick pus which were 
aspirated contained much bright red blood. 

The patient was given potassium iodide until signs of iodism appeared. An 
antigen, prepared from a glycerin extract of streptothrix by Miss Mehrten, was 
employed but gave a negative skin reaction. 

There was no definite clinical evidence of tuberculosis at any time. The 
leucocyte count on May 17 was 18,200. On May 18, 1929, all the posterior 
ribs over the left chest had evidently undergone spontaneous fracture and were 
tender. Thirty-five cubic centimetres of thin brownish blood-tinged fluid were 
aspirated from the original site, and 6 cc. of lipiodol and 10 cc. of air were intro- 
duced into the cavity. This cavity did not connect with the lung. A new 
swelling had now developed at the angle of the right scapula. It was aspirated 
on May 20, and 5 cc. of yellowish-brown blood-tinged pus were obtained. On 
this occasion it was thought that the needle had touched the edges of over-riding 
denuded bone. During the aspiration the patient coughed up pus similar to 
that obtained by aspiration. Lipiodol and brominol were injected into the 
abscesses, which were both situated in the right chest. No communication 
between the two or between them and the lung could be made out. 

An abscess of the lower right thorax was incised and drained by Dr. Graham 
on May 21, 1929. About 50 cc. of thick bloody odorless pus were obtained. 
This pus contained necrotic tissue. A rib, denuded of periosteum, was found 
at the bottom of the abscess cavity. It seemed as if the abscess had originated 
in a rib, probably the 10th rib, right. Microscopic section of some of the tissue 
removed revealed nothing but chronic inflammation. 

On May 28 the patient’s blood-pressure had dropped to 152/100, and an 
electrocardiogram was reported as indicating left-axis deviation, degenerative 
heart disease. 

Because of the character of the sputum and the discharging sinus, 3 cc. of 
sterile methylene blue were injected into the abscess. No connection between 
the abscess and the bronchi could be noted (figure 4). The patient’s sputum 
was now slightly foul. 

He became quite cyanotic. The leucocyte count, June 4, was 15,600. The 
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abscess at the angle of the scapula was now incised and drained by Dr. Graham. 
Seventy-five cubic centimetres of thick, tenacious, slightly blood-tinged pus 
were aspirated from the cavity, which was posterior to the posterior portion 


> 


Fic.4. June 3,1929. Five cubic centimetres of lipiodol have been injected into the lower 
abscess cavity. The upper abscess cavity has also been injected with brominol. The two 
pockets failed to communicate with each other or with the underlying pleura or lung. 
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of the upper ribs of the right chest. It was impossible to see any opening or 
any communication with the pleura. 

The patient became quite drowsy on June 8, and at times irrational. Hewas 
markedly cyanosed and had tremors of both hands and legs. There was 
hyperaesthesia over both lower extremities, extending down from the hips. 
Both pupils were small, equal and regular, but reacted sluggishly to light and 
accommodation. Knee jerks were absent. The abdominal and epigastric 
reflexes were present but sluggish. There was no Babinski, Oppenheim or 
Gordon reflex present, and no evidence of cranial nerve involvement. A brain 
lesion was suspected. The patient’s pulse-rate was now 150. Many rales 
could be heard throughout both chests. Two days before death, June 12, 1929, 
the leucocyte count was 43,200. The differential white blood count showed 
91 per cent polymorphonuclear cells. 

During his last admission the patient’s urine never contained much albumen. 
He ran a continuous temperature, which ranged between 38° and 39°C. during 
the last two weeks of his last admission. Roentgen plates of some of the long 
bones were negative. Oedema of both lower extremities and back became 
marked, and cyanosis increased. The patient died on June 14, 1929. 

The final clinical diagnosis was: Multiple streptothrix abscesses of both lungs, 
with metastases to the skeleton and internal organs; compression fractures of the 
spine; multiple rib fractures and hypertension. 


The clinical course of this patient deserves some comment. During 
the first admission to the hospital the signs of disease were chiefly refer- 
able to the kidneys. There were polyuria, albumen and a few casts in the 
urine, low phthalein excretion, tendency to low specific gravity, oedema 
and high blood-pressure. The changes in the urine seemed trivial in 
relation to the quite massive oedema, and the nephritis was not easily 
classified as of any well-recognized clinical type. The purpura followed 
closely the advance and subsidence of the oedema and gave the impression 
of being an exudative phenomenon. The improvement of oedema and 
purpura followed a wheat-free diet, but can scarcely offer evidence of 
food sensitivity since the absence of salt in the diet may have effected the 
favorable changes. 

Although the roentgen ray film of the chest showed some deviation from 
normal, the examination of the lungs during the first admission revealed 
no recognizable pathological process. There was no cough, and the 
respiratory system was thought to be uninvolved. One important symp- 
tom may have received too little emphasis at this time. This was that 
the patient complained of pain in the pubic region, which was not con- 
sidered referable to the pelvis at the time, but later examination showed 
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a double, healed fracture of the pubis. It is probable that active bone 
disease was present at the time of the first admission. 

During the second visit to the hospital, attention was especially focused 
upon the quite unexpected fracture of the spine. The history of sudden 
injury made one hopeful of an accidental fracture, but careful search was 
made for signs of carcinoma and multiple myeloma. The leucocyte 
count was consistently above normal during the entire clinical course. 
The percentage of polymorphonuclear leucocytes and the Schilling differ- 
ential count showed no characteristic picture. It is notable that, in spite 
of the very extensive involvement, the disease was accompanied by no 
serious anaemia. 

Three months previous to his final admission to Barnes Hospital, 
which was on May 5, 1929, the patient developed a cough, brownish 
expectoration and pain referable to his right chest. A small swelling 
just over the 10th rib, right posteriorly, was then discovered. It was 
aspirated and pus obtained. Streptothrix in pure culture was recovered 
from the pus of this and other abscesses, and also from the gums, tongue 
and sputum. The pus was inoculated into guinea pigs and fulfilled all 
of Koch’s postulates. The treatment, consisting of the administration of 


potassium iodide by mouth and of incision and drainage of the abscess of 
the chest-wall, was quite ineffectual. The patient died from a generally 
disseminated streptothrix infection. 


Necropsy Findings 


Autopsy was performed by Dr. E. Burns who reported as follows: A large 
abscess cavity was found in the right thorax. It extended from the mediasti- 
num on the right side to well over the midportion of the right lung. It lay 
entirely extrapleural, that is, between the chest-wall and parietal pleura. The 
contents of the cavity were thick, creamy, yellow pus. The abscess had evi- 
dently burrowed through the intercostal and pectoralis major and minor 
muscles. Most of the ribs on both sides were fractured and eroded. The 
right pleura was fairly thick, and the adhesions quite dense. The right pleural 
cavity was obliterated everywhere save at the base. Here were located the 
abscess cavities which had been drained. 

There was a slight amount of turbid fluid in the left pleural cavity. There 
were a few fibrous adhesions over the left apex. 

The pericardial cavity contained a small amount of straw-colored fluid. 
The pericardium itself was smooth and shiny throughout. Here and there 
small, raised, sharply circumscribed whitish areas could be discerned. ‘These 
areas or ‘“‘nodules’” resembled miliary tubercles. 
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Fic. 5. The appearance of the left lung on cut-section. _ Note the similarity between the 
streptothrix nodules in this lung and tubercles. Many of these nodular areas have under- 
gone necrosis and abscess formation. 
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Heart: This weighed 400 gm. The myocardium contained many nodules 
similar to those described above. Some of them extended along the papillary 
muscles. The heart valves were free. The coronary arteries were patent, 


Fic. 6.3. Microphotograph, high-power magnification, showing streptothrices in a stained 
section of lung tissue. The round cells are mostly of the polymorphonuclear type. 


while the aorta showed a moderate arteriosclerosis. Microscopic examination 
revealed small areas of polymorphonuclear and round-cell infiltration, which 
could be noted between the muscle bundles of the myocardium. Some of these 
areas represented pin-point abscesses and areas of necrosis. The cellular in- 


3 Microphotograph is by Dr. Howard A. McCordock. 
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filtration was noticeable everywhere but was more marked in certain regions, 
particularly that of the mitral valve. 

Lungs: Right: Reference has already been made to the fibrous pleurisy and 
to the abscess cavities in the right pleura. The right lung was noncrepitant, 
The bronchial mucous membrane was moderately reddened, and covered with 
the mucopurulent secretion noted in the clinical history. The peribronchial 
tymph nodes were only moderately enlarged. There was no evidence of casea- 
tion. On section many small white localized areas of consolidation, 1 to 3 
mm. in diameter, could be noted. The infiltrations were more frequent in the 
upper lobe and the upper portion of the lower lobe. These discrete, rather firm 
areas resembled miliary tubercles. These “nodules” did not all seem to be of 
the same age or size. 

Here and there were apparently old areas of consolidation, 1 to 2 cm. in 
diameter. Dissection along the bronchi and vessels leading to these areas 
showed that some of the nodules were growing into the walls of the bronchi 
but apparently not into the larger vessels. 

The gross findings in the left lung resembled those of the right but to a less 
extent (figures 5 and 6). The right lung was studded with small nodules. 

Microscopically, both lungs showed evidence of an acute infection,—small 
pneumonic patches and small abscess-formation. The abscesses were in some 
places broken down, the cells being of the polymorphonuclear type. Although 
some abscesses had broken down, others were still intact. There seemed to be 
little attempt at encapsulation. Then, again, in some regions of the lung pro- 
liferative changes, an increase in connective tissue, could be noted. In such 
regions many large mononuclear cells could be seen. Still other areas in the 
lung presented lesions strongly suggestive of tuberculosis. These lesions 
showed a cellular reaction, largely lymphocytic in character, a few with giant 
cells and caseous necrosis. 

Pus obtained from the lung revealed the presence of tubercle bacilli on direct 
smear. 

Lymph Nodes: A peribronchial lymph node showed evidence of acute reac- 
tion, the normal cells being replaced by polymorphonuclear cells. Some of 
these were so arranged as to form small abscesses in the substance of the node. 
There were numerous small tubercles, with caseous centres and giant cells in 
the lymph node. 

Stomach and Duodenum: The stomach at necropsy was dilated, but its mu- 
cosa, as well as that of the duodenum, was normal. 

Intestines: Small, white, firm nodules could be made out on the serosa of 
the small intestine. The mucosa of the entire gastrointestinal tract was normal. 

Sections taken from the colon showed the ‘“‘characteristic lesions.” There 
were also evidences of acute infection in the muscularis in the form of “acute 
abscesses.” 
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Pancreas: Weighed 100 gm. and measured 16.5x3x4cm. On cut-section 
one could discern throughout the substance of the gland tiny white flecks similar 
to those already described. Microscopically, the pancreas also showed loss of 
fat substance. 

Spleen: Weighed 200 gm. and measured 12.5x 7x4cm. The capsule was 
smooth. It was of firm consistence and on cut-section revealed a pale splenic 
substance, fibrous-tissue increase and poorly visualized malpighian bodies. 
Distributed throughout the substance of the organ were many small round 
lesions strongly suggestive of tubercle-formation. Microscopically, the lesions 
suggestive of tubercles were composed of lymphocytes, epithelioid cells, and 
central necrosis. Giant cells were few. Many polymorphonuclear cells were 
found in the sinusoids of the spleen. The spleen gave no direct evidence of 
acute inflammation. 

Liver: Weighed 1700 gm. and measured 24x18x9cm. In the smooth cap- 
sule could be seen small white infiltrations similar to those already described. 
On cut-section the typical nodular areas could be discerned. The gall- 
bladder showed no gross pathological change. Microscopically, many abscesses 
were noted in the liver. The liver cells, at the periphery of such abscesses as 
were not walled off, were compressed. Some areas showed fatty changes, chiefly 
marked around the central veins. Numerous tiny tubercles were scattered 
throughout the liver substance. 

Adrenals: Displayed infiltrations similar to those already described both in 
the medullary and cortical substance of the adrenal glands. Microscopic sec- 
tions showed small cellular infiltrations between the cortical cells. Many 
congested capillaries were to be noted in the medulla. There was also an 
oedema of the medulla and some haemorrhage. 

Kidneys: Each kidney weighed 175 gm. and measured 11x6x5cm. The 
renal capsule stripped with difficulty and disclosed a surface studded with 
numerous “typical” infiltrations. These infiltrations were also to be observed 
on cut-section, particularly marked in the lower pole of the right kidney. 
Microscopically, the kidneys showed areas of abscess-formation, which included 
not only the cortex but also the medulla. There were many places about the 
tubules and glomeruli which showed compression necrosis. A few small scars 
were to be noted in the cortex. 

Bladder, Prostrate and Testes: No gross pathological changes were to be 
observed in either the bladder or the prostate gland. Both testes were small 
and showed numerous fibrotic areas. No microscopic changes were found. 

Bones: All the ribs on the right side seemed to have suffered from the direct 
extension of the infection seen in the right chest-wall. They were quite soft 
and broke easily. Their cortex consisted of only a thin rim of bone, the 
medulla being entirely filled with a soft necrotic material. 

The bodies of the lumbar and thoracic vertebrae were markedly eroded 
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igure 7). The bone destruction was so extensive as to have caused collapse 
f the vertebral column. Distorted discs were the only remains of some former 
vertebrae.” This was particularly true of certain of the upper thoracic and 
imbar vertebrae. 

On cut-section the bodies of the vertebrae were seen to be invaded by a 
ellowish material which occupied what was previously bone. The interverte- 
ral discs were also invaded by this process. In their centres one found large 
ecrotic areas. 

A gross section from the symphysis pubis showed evidence of an old healed 
racture. A microscopic section through this area showed dense connective 
issue running through the bone, and some evidence of new bone-formation. 


Fic. 7, Photograph of section of lumbar and thoracic vertebrae. Note the distorted in- 
tervertebral discs and the collapsed vertebrae. Both are necrotic and have been partially 
replaced. 


Che ribs showed signs of infection, marked thinning and destruction of the 
cortex and invasion of the marrow cavity. 

Brain: No gross changes were seen in any of the coverings of the brain as they 
were deflected. Many small circular necrotic foci, about 1 cm. in length, with 
aseous centres, were to be seen in the left occipital lobe. Save for more 
narked softening, these areas resembled those noted elsewhere in the body. 
maller, reddened, apparently earlier foci were noted further back in the same 
obe. A microscopic section showed some minute areas of polymorphonuclear 
ind round-cell infiltration in the brain substance. Some of these infiltrations 
vere around blood-vessels, many of which were destroyed beyond recognition. 

The spinal cord showed evidence of round-cell infiltration and degeneration 
f some of the fibre tracts in the lateral portions of the cord. 
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Eyes: The eyes showed no gross changes. 
Skin: No microscopic changes were noted in the sections of the skin. 

Striated Muscle: A section of striated muscle, taken from over the invaded 
regions, showed extensive polymorphonuclear infiltration along the muscle 
fibres, extensive necrosis and degeneration of the muscle in some areas with its 
entire replacement. The sarcoplasm of many muscle fibres stained orange- 
yellow. In some places they had lost their striations. The rectus abdominis 
showed similar but less marked changes than those observed in the pectoralis 
major. 


Analysis of Findings 


It is rather difficult to determine which lesion was primary. The 

; clinical history would suggest the primary site in the kidneys, the bi- 
lateral involvement would signify a haematogenous dissemination, and 
the intestinal lesions would also favor such a primary site. Thelesions 
in the lung showed little fibrosis and were apparently no older than those 
in the kidneys. The bone lesions in the pubes were healed. One is 
rather hesitant about suggesting a primary streptothrix infection of the 
kidney or even of the bone. A primary pulmonary streptothrix infec- 
tion must be seriously considered. Certainly a small primary lesion in 
the lung, which broke into the circulation and caused a dissemination 
not only through both lungs but in the kidneys and other organs, could 
have occurred, and has been noted by others. The mouth would then 
have been a recurrent portal of entry. 

The lesion in the lung showed small areas of consolidation, necrosis, and 
abscess and “tubercle” formation. The microscopic picture in many 
respects resembled the so called pseudotuberculosis hominis. ‘Tubercle 
bacilli were demonstrated in the pus obtained from the lung at necropsy, 
but never in the sputum in life. The peribronchial lymph nodes showed 
true tubercle-formation. 

The lungs showed no gross evidence of bronchiectasis. Direct exten- 
sion of the process to the chest-wall was responsible for abscess-formation 
there, the ribs suffering from pressure-necrosis. The large extrapleural 
abscess ‘in the anterior thorax may have developed as a result of extension 
from the abscessed hilar lymph nodes. The renal lesions were adequate 
to explain the clinical findings; likewise, those in the brain. Although the 
fractured ribs may have been due to direct extension, some of the bone 
lesions were undoubtedly metastatic. The fractured pelvis showed evi- 
dence of healing. 
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The finding of tubercle bacilli in the pus of the lung and of tubercles 
in some of the organs (although an exception rather than the rule) does 
not complicate the picture but is to be considered as an associated condi- 
tion. The streptothrix in this case was non-acid-fast. Mutation seems 
most improbable. 

Necropsy findings, reported by Dr. E. Burns, show that few organs or 
tissues were spared. Early infiltration with thrombosis of blood-vessels 
is a characteristic of the disease and was marked in the vessels of the 
brain. The multiplicity and variety of bone lesions in this case were 
unusual and striking. 


DISCUSSION 


In relation to a case of such widespread involvement and such confus- 
ing and multiple symptoms it is of interest to review the quite extensive 
clinical literature. 

Streptothrix has been observed to produce disease in the following 
organs and structures: eyes, upper and lower respiratory tracts, gastro- 
intestinal system, spleen, kidneys, brain, bones, heart and skin; and has 
been recovered from the lesions in the conditions noted below. In 
grouping diseases, we have referred rather freely to Peemdller’s excellent 
work. 

Foulerton published the following tables and observations in the Lancet 
in 1913: These charts, noted below, deal with cases reported by others 
and with a personally collected series of 78 cases of streptothrix infection 
observed over a period of 22 years (1884-1906). The age and sex of the 
patients concerned have been noted. 


NUMBER OF CASES 


Male 


Female 


Male 


Female 


Leith collected cases 
Acland 


295 
65 
51 


110 
36 
27 


per cent 
72.9 
65.0 
65.4 


per cent 
27.1 
35.0 
34.6 


TOTAL 


UNDER 
15 


15-25 


25-35 


35-45 


55 AND 
45-55 OVER 


12 
6 


24 
23 


25 
19 


9 


11 2 


Concerning the influence of occupation upon the disease, Foulerton 
has written the following: “The infection may be carried to man and 
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Acland’s collected cases ...............| 84 i | | 9 7 7 
Middlesex collected cases..............| 70 | 
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lower animals by means of straw and grain. Seventeen of Acland’s 
patients had been in the habit of chewing straw. Of thirty-eight pa- 
tients of the working class, twenty-four were engaged in occupations 
which brought them into close contact with vegetable products.” 


The following table, also published by Foulerton, is most instructive. 


It notes the seat of the primary infection and the relative frequency of 
the disease in these locations at its onset. 


MIDDLESEX ACLAND’S RICHRAH’S 
HOSPITAL CASES,| 109 BRITISH 632 COLLECTED 
78 CASES CASES 


Num- Num- Num- 
berof | Pet | berof | Pet | berof | Fer 
cases cases cases 


Infection of parts about mouth and neck.......) 40 | 51.2} 42 | 38.5 | 359 | 57.0 
20 | 25.6} 42 | 38.5] 137 | 21.0 
14 | 18.1 | 20 | 18.4 92 | 14.5 
Other cases (conjunctival, renal), cysts, and a 
case of accidental infection during an abdom- 


4.6 49 | 7.5 


It is the opinion of some that streptothrix may be drawn into the lung 
with air, fragments of teeth, etc. Reference has been made to rat-bite 
fever. Petruschky recovered streptothrix from certain rugs. The 
possibility of the organism being introduced into the skin with a splinter 
of wood is cited by Peemdller. Bridge feels that it is futile to try to 
connect the disease with the diseases of cattle or to try to establish that 
the infection results from contact with others. 

Eye: Von Grife, apparently the first to demonstrate streptothrix, 
observed it in the eye and tear-ducts in 1855. He originally considered 
the condition to be favus. Mycotic (streptothrix) concretions, occurring 
in the lacrymal passages, have been reported by Cohn, Fuchs, A. de 
Logan, Silberschmidt, Castelain, Christopherson and Archibald, Rut- 
berg, and others. 

Mouth, Nose, Pharynx, Tonsils, Middle Ear, Teeth, Jaw and Parotid 
Gland: In a publication entitled Ueber Actinomyces dhnliche Gebilde in 
den Tonsillen, H. Ruge reported concerning organisms, which were in all 
probability streptothrix and which were able to reproduce abscesses. 
Nikolaus and Tschernaewa noted that the primary lesion may be in the 
middle ear and that streptothrix may be responsible for suppurative 
conditions in the ear. 

Bayardi has reported an interesting discussion on streptothrix lingualis. 
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Fraenkel has noted that the gutartige Mykose des Pharynx could be con- 
fused with diphtheria, while Biirger and Griitz have pointed out that 
mycotic purple-red deposits on the teeth (streptothricosis dentium rubia) 
cause the gums to bleed freely. This condition could therefore be mis- 
taken for scurvy. Streptothrix has also been recovered from the jaw 
' (Dresel), parotid gland, and from “black tongue” by Weidman. 

Oesophagus: Langer reported a case of streptothricosis oesophagi, which 
concerned a 13-year-old boy. The condition was originally considered 
to be primary in the lungs. It was then discovered that the yellowish 
brown pus which the patient brought up was vomitus and not expectora- 
tion. The underlying condition was one of oesophagitis associated with 
a pseudodiverticulum of the oesophagus. The boy was given potassium 
iodide but a cure was not obtained. 

Lung and Pleura: Cases of primary streptothrix infection of the lung 
have been reported by Sabrazés and Riviére, and Foulerton. 

Two cases of necrotic bronchopneumonia with streptothrix have been 
reported by Norris and Larkin. Case 1 occurred in a male, aged 45 
years, who suffered from cough, dyspnoea and foetid breath of six weeks’ 
duration. The clinical diagnosis was gangrene of the lung. The patient 
died eight days after admission to the hospital. Necropsy revealed the 
following: The mucous membrane of the trachea and bronchi was oedem- 
atous and intensely congested. Here and there whitish masses, re- 
sembling actinomyces granules, were to be observed. Bronchiectatic 
dilatations were present throughout the lungs. The lungs also revealed 
areas of consolidation. Other organs were apparently normal. Histo- 
logically, miliary abscesses and areas of necrosis in bronchi, sometimes 
limited to bronchial mucous membrane, at other times extending right 
through the various coats, could be demonstrated. The lesion thus 
consisted of necrotic inflammation with acute exudation into the bronchi 
and surrounding alveoli. 

The second case of Norris and Larkin concerned a male, 23 years of 
age, whose complaints were cough and mucopurulent expectoration of 
several years’ duration. Upon admission, additional symptoms were 
headache, anorexia, general malaise, fever, chills, sweats and chest pain. 
Lesions similar to those noted in case 1 were discovered at necropsy. 

The introduction of the bronchial material of cases 1 and 2 into the 
lungs of rabbits through the trachea was followed by suppurative and 
necrotic bronchopneumonia, bronchiectasis and pulmonary abscesses, 
with extension of the inflammatory process to the pleura and pericardium 
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where empyaemata developed. Inoculation of the infectious bronchial 
material of case 2 into the ear-vein of a rabbit gave rise to pulmonary 
abscesses, diffuse pneumonic consolidation of the lungs and empyaema. 
The empyaemic pus of the rabbit, when injected into the peritoneum of 
another rabbit, produced a suppurative peritonitis with metastatic pul- 
monary abscess. 

Norris and Larkin state that pure culture of this streptothrix was 
pathogenic for rabbits and guinea pigs but that death rarely supervened 
from its action. ‘The introduction of pure cultures into the lungs through 
the trachea resulted in the lesions already referred to. When large quan- 
tities of finely-broken streptothrix granules of broth culture were injected 
into the lungs, areas of consolidation resulted. ‘Two weeks after such an 
inoculation the largest intrabronchial masses resembled abscesses. 

Ziekgraf reported 4 cases of streptothricosis of the lungs. He states 
that the diagnosis can be made in most instances by examining the spu- 
tum. Case 1 concerned a male, aged 25, with bronchopneumonia and 
bronchiectasis; case 2, a male, 22 years of age, with clinical tuberculosis 
but without tubercle bacilli in his sputum; case 3, a male, 42 years old, 
with abscess of the lung; and case 4, a male, 46 years old, with emphysema 
and chronic bronchiectasis. Ziekgraf states that during the broncho- 
pneumonic stage the sputum is purulent and blood-tinged but not char- 
acteristic, and that during the secondary stage (the pleural stage) the 
pleura becomes involved. There is shrinking, and pulmonary emphy- 
sema develops. The third stage is when a fistula develops and when there 
is extension to the chest-wall. Cachexia is then marked. 

Giddings, who made a cultural study of pulmonary streptothrix, was 
unable to demonstrate the streptothrix in histological sections. He 
reported a case of streptothrix infection of the lung which occurred in a 
male, 57 years of age. 

Glaser and Hart have stated that pulmonary streptothricosis is mani- 
fested by a bronchopneumonia, which is followed by central necrosis and 
coalescence of abscesses rich in fibrin. The pulmonary induration which 
results is not only due to toxin produced by streptothrix, which stimu- 
lates proliferation of the interstitial tissue, alveolar wall, peribronchial 
and periarterial tissue, but also to organization of the fibrin-containing 
inflammatory exudate. 

Endarteritis and endophlebitis obliterans, with thrombus-formation, 
prevent the early breaking into the circulation of streptothrix. Cavities 
in the lung usually end up as dilations which communicate with bronchi. 
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Aoyama and Miyamoto report a case of pulmonary streptothricosis. 
The patient developed a bilateral pleural effusion from which streptothrix 
was recovered. 

Peemdller (1922) has reported a proved cured case of pulmonary strep- 
tothricosis which concerned a female patient, 22 years of age. This pa- 
tient developed gangrene of the lung and exudative pleurisy which 
later became infected. ‘The empyaema was drained and the patient given 
massive doses of potassium iodide by mouth. When seen after an inter- 
val of two years the patient was found to be cured. 

Peemdller collected 41 cases of pulmonary streptothricosis from the 
literature. 

A large mediastinal abscess was noted in Scheele and Petruschky’s 
patient (1897). Roger, Bory and Satory (1909) reported an instance 
when there were many cavities in the lower lobe. It is noted that the 
empyaema pus and expectoration of “streptothrix” may have a foul odor. 

In none of the collected cases was there any evidence of active pul- 
monary tuberculosis, although Claypole states that a few examples do 
exist. 

Lohlein reported a case of streptothrix pyaemia which followed a 
primary bronchopneumonia in a male, aged 32 years. This author con- 
siders that the first stage of the pulmonary lesion is represented by a 
purulent bronchitis, bronchopneumonia, and the formation of tuberculoid 
nodules; the second stage, one of necrosis, abscess and cavity-formation, 
and early bronchiectasis; the third stage, one of healing with develop- 
ment of bronchiectasis. 

Hamman states that the streptothrix group is the most common and 
most important of fungus invaders of the lung. He is of the opinion 
that, for streptothrix to gain a foothold in tissue, trauma is necessary, and 
infection generally occurs in association with the introduction of a foreign 
body. He has observed two cases of pulmonary streptothricosis,—one 
associated with pulmonary tuberculosis and empyaema, the other with 
diffuse tuberculosis of both lungs without constitutional symptoms. 

Preston has also reported a case of primary pulmonary streptothricosis. 

Peemdller states that the disease in the lung usually starts in the lower 
lobe. Secretions are then likely “coughed or aspirated” to various por- 
tions of the lung, producing in time a bronchiolitis, bronchitis and bron- 
chopneumonia, and then necrosis and abscess-formation. As already 
noted, peribronchial inflammation and the formation of small tuberculoid 
nodules is common. Extension to lymph nodes of the hilum is common 
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and in many instances explains the occurrence of mediastinal abscesses, 
(pericarditis) and, sometimes, caries of the ribs and spine. A subphrenic 
abscess, when it occurs, it usually due to perforation of an empyaema 
thoracis. 

It is to be noted that elastic tissue may sometimes be observed in the 
sputa of such patients. 

The streptothrix may break into the greater circulation during all 
stages, metastasizing with predilection to the nervous system. Pleuritis, 
and extension to neighboring structures, particularly to lymph nodes at 
the hilum, and to chest-wall and pericardium, are common. 

Until 1922 Peemdller was able to collect only 14 cured cases of pul- 
monary streptothricosis. Some doubt is expressed as to whether these 
all concern true streptothrix infections. (See Peemdller, page 543.) 
Bernstein has also reported a fatal case of pulmonary streptothricosis, 
and Liek a case of gangrene of the lung in a man, 44 years of age, in whom 
several ribs were eroded. This patient was operated upon in 1909 and, 
when observed in 1911, was free from expectoration and well, save for 
bronchial fistulae. Pleuropneumonia, due to streptothrix, has also been 
reported by Schill. That mixed infections, actinomycosis and strepto- 
thrix, may occur has been noted by Dresel. It is worthy of note that in 
1922, when Peemiller reviewed the pulmonary-streptothrix literature, 
he noted only two cases, besides the one he reported (Kurtmeyer, H. 
Lenhartz, F. Peemdller), in which the streptothrices were true anaerobes. 
Thompson has recently reported concerning the frequent presence of 
gram-positive non-acid-fast streptothrix in the sputa of patients suffer- 
ing from pulmonary tuberculosis, bronchiectasis, bronchitis and asthma. 
This organism is nonpathogenic for lower animals. 


Pseudotuberculosis Hominis: ‘‘Pseudotuberculosis hominis strepto- 
thrica” received the attention of Flexner and others. Eppinger injected 
material from a brain abscess into guinea pigs and rabbits, and obtained 
a typical pseudotuberculosis. This organism was called a streptothrix 
by Kruse. Flexner’s case was in a colored man, 70 years of age. The 
patient’s symptoms were those of tuberculosis. ‘The lungs showed areas 
of consolidation. Circumscribed nodules, having the size and appear- 
ance of miliary tubercles, occurred in small numbers and were composed 
chiefly of epithelioid celis. Other somewhat larger nodules were also 
observed. Bacteriological studies were made and streptothrix recovered 
from the nodules. The diagnosis of pseudotuberculosis was made. The 
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important fact is therefore that streptothrix may produce pseudotubercu- 
lous lesions. Flexner compared the similarity of the organism of his case 
with that of Buchholz (male, 38 years old, whose anatomical picture 
suggested advanced pulmonary tuberculosis). 

Warthin and Olney conclude that there is a distinct form of pulmonary 
infection which clinically resembles tuberculosis and which is caused by 
an acid-resisting streptothrix having a wide geographical distribution. 


Endocarditis and Pericarditis: That pericarditis may be due to strepto- 
thrix was noted by Maresch. He reported a case which concerned a 
female, 55 years of age, Streptothrix was recovered from the fluid 
aspirated from her pericardial cavity. The primary lesion was in the 
apex of the lung. It had extended down to the peribronchial lymph 
nodes, where abscesses had developed. Some of these lymph nodes 
broke into the pericardium. 

A case of endocarditis lenta caused by streptothrix and its mutants has 
been reported by Wagner, Maiorov and Steripoulo. Luginger has re- 
ported such occurrences in animals and speaks of streptothrix valvulas 
destruens bovis. 

Finch and Jessup recovered streptothrix from the blood of a female 
patient, 35 years of age, three days before death. Necropsy revealed a 
hard fibrous mass which extended down from the sternal notch to the 
pericardium. It also extended backward into the mediastinum embrac- 
ing the roots of the larger bronchi. It embedded many larger bronchial 
nodes. The anatomical diagnosis was tumor of the lung, mediastinum 
and left pleura, fibrinous pleurisy and chronic pericarditis. Streptothrix 
could be demontrated in the pulmonary parenchyma, bronchi and re- 
gional lymph nodes. The lesions at first suggested Hodgkin’s disease. 
Dr. Ewing considered the microscopic appearance of the tumor to be 
that of a chronic granuloma of peculiar type. 

T. Thgria and E. Gunderson isolated streptothrix from the blood of a 
medical student with typical rheumatism, that is, fever, effusion into the 
joints, pleuritis and pericarditis. The organism recovered proved non- 
pathogenic for animals. The authors tried out the complement fixation 
of the patient’s blood but were unable to detect any such property. They 
assume that the organism was a mere saprophyte, which bore no rela- 
tionship to the disease, and that the portal of entry was through the 
respiratory tract. Such microdrganisms, they state, are commonly 
found in the throats and tonsils of soldiers. 


au 

Ri 

ay 

ait 


258 J. J. SINGER AND HARRY C. BALLON 


Intestinal Tract: Streptothrix has apparently been recovered from the 
gastrointestinal tracts of patients suffering from chronic enteritis and 
progressive pernicious anaemia. ( Petruschky, Dematheis.) 


Splenic Anaemia: A case of splenic anaemia, due to a streptothrix 
organism, has been published by Fawcett and Gibson. It concerned a 
girl, aged 11, who six weeks previous to admission suffered a fainting 
attack, followed by vomiting. Three weeks later haematemesis and 
pyrexia made their appearance. On admission the patient had 2,500,000 
erythrocytes, 18,750 leucocytes, 70 per cent neutrophiles, and a color in- 
dex of 0.42. Physical examination revealed a chylous ascites (specific 
gravity of aspirated fluid 1.011, no cells, a trace of globulin and choles- 
terin). The spleen was palpably enlarged. The patient then began to 
suffer from an acute exacerbation of an old chronic suppurative otitis 
media. This condition apparently had nothing to do with the strepto- 
thrix condition. It led to a mastoid operation from which the patient 
recovered. She was then discharged, only to be readmitted eleven 
months later complaining of haematemesis and cough. Her Wassermann 
reaction was negative, and the fragility of her red blood cells normal. 
She then had 42 per cent haemoglobin. A splenectomy was performed 
during the latter part of 1922. The haemoglobin then rose to 70 per 
cent, but there was recurrence of the haemorrhages five years later. 
Cultures of the pigmented points on the trabeculae of the spleen were 
made on serum-broth. True streptothrices, which were apparently 
pathogenic for the monkey, were recovered. 

The presence of a form of streptothrix in cases of splenic enlargement 
was again noted by Gibson. He spoke of the resemblance of a spleen so 
affected to syphilitic cirrhosis and noted the response to salvarsan 
therapy. He studied 100 spleens and observed streptothrix in five 
instances. These spleens showed general fibrosis. Their surfaces were 
grayish-pink and dotted throughout with small areas of pigment. Mi- 
croscopically these areas showed masses of black-staining material about 
the splenic veins. A growth of streptothrix could be obtained. These 
cases are of particular interest since French investigators have of late 
recovered fungi from the spleen in Banti’s disease. 


Brain Abscess, Meningitis, Suppurative Myelitis: ‘That metastatic 
brain abscess and meningitis may be due to streptothrix has been noted, 
among others, by Eppinger, Horst, Conti and Boni, and Ferret and Fag- 
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uet. Eppinger’s case, reported in 1891, concerned a primary streptothrix 
infection of the lung with metastatic brain abscess and meningitis. 
Horst’s case also concerned a primary infection in the lung, while that of 
Conti and Boni occurred in a female, 33 years of age, who at necropsy 
showed abscesses in the brain, liver, spleen and forearm. 

In a discussion on suppurative myelitis and bronchiectasis, Chiari 
reported one instance in which the exact aetiological factor was strepto- 
thrix. The affinity of streptothrix infections of the lung for the nervous 
system is to be noted. 


Bone Lesions: Streptothrix has been recovered by Petruschky and 
others from the lesions of madura foot and from similar conditions. As 
Peemdller notes, such lesions are of frequent occurrence in India, but 
have also been observed in America, Algeria, Italy, Greece, Roumania, 
and South Africa. 

Glaser and Hart have reported a case of streptothrix infection of the 
lung which occurred in a female, 49 years of age. Streptothrix was recov- 
ered from the sputum. This patient developed tenderness over the 
second and third dorsal vertebrae. The immediate cause of death was 
myocardial weakness. In addition to the pulmonary involvement there 
were also caries of the sternum and ribs on the left side and vertebrae, 
amyloid degeneration of the spleen, kidneys, liver and intestine, and 
general anaemia and anasarca. The loose tissue in the region of the 
sternum and spine showed much hyaline sclerotic tissue and abscesses 
from which streptothrix could be recovered. There was no detailed 
microscopic description of the bone lesions. 

Schabad in 1904 reported a case of actinomycosis atypica pseudotuber- 
culosa (streptothricosis hominis autorum) which concerned a male, 62 years 
of age. A defect in the right third rib at its cartilaginous junction was 
observed. The mucous membrane of the main bronchi was oedematous 
and injected, and that of the right main bronchus covered by a thick 
yellowish-gray deposit of pus. The free end of the above mentioned 
carious rib was examined histologically. The specimen contained both 
cartilage and bone. Streptothrix could be demonstrated in the bone 
in stained sections. They were similar to those recovered from the 
pleura. The condition of the rib was one of osteomyelitis, the result of 
direct extension and pressure necrosis, the primary lesion apparently in 
the lung. 
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Female Genital Tract: Litten and Levy recovered streptothrix from 
“pus tubes.” Pruska recovered this organism twenty times from various 
portions of the female genital tract. In twelve instances the patients 
were febrile. The organisms were recovered in a similar number of 
occasions during the puerperium. Such streptothrix infections have 
sometimes been called actinomyces atypica. 


Streptothrix Pyaemia (Rat-bite Fever): The aetiological organism of rat- 
bite fever is streptothrix mures raiti (Schottmiiller, 1914). Invasion of 
the blood-stream by streptothrix mures ratti occurs in rat-bite fever (Blake). 
Pathological changes, which occur in the myocardium, kidneys, liver and 
adrenals, show areas of degeneration and infiltration with polymor- 
phonuclear leucocytes, lymphocytes, plasma cells and endothelial cells. 

Mandelstamm and Kalinin have emphasized, and Plaut pointed out, 
that all forms of internal and external suppuration should always arouse 
suspicion as to the possibility of a streptothrix infection. They remark 
that up till 1926 streptothrix was recovered from the blood in but three 
instances. Schottmiiller obtained positive cultures on several occa- 
sions. The condition in all instances was rat-bite fever, abscesses con- 
taining streptothrix occurring in the brain, lungs and kidneys. All 
patients died after several months’ illness. 

The case reported by Mandelstamm and Kalinin concerned a male, 53 
years old, with a gluteal abscess, who developed an ulcer on the dorsum 
of the left foot. No tubercle bacilli were found in the sputum. Both 
diaphragms were high. Later an axillary swelling was noted just above 
the lung, and pus containing streptothrix obtained from it. This abscess 
formed a tract which extended to the groin. The gums were covered 
by punctate reddish-white patches. The patient’s left pupil was slug- 
gish. Roentgen-ray plates showed rarefaction and atrophy of the first 
and second metatarsals. This patient responded but slightly to potas- 
sium iodide and mercury. A guinea pig was inoculated and a pure cul- 
ture of streptothrix obtained from blood taken from the heart. The 
clinical history was of five months’ duration. Fever, anaemia, loss of 
weight, and evidences of nephritis were the chief features. The leuco- 
cyte count varied from 7,000 to 9,000, with neutrophiles 82 per cent. 

Page has pointed out that streptothrix clinically does not demonstrate 
the rather specific predilections shown by actinomyces. He observed a 
male patient, 41 years of age, who complained of haemoptysis of eight 
months’ duration. Thirteen months previously the patient had suffered 
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a right-sided pneumonia. His sputum was at first yellowish, then blood- 
tinged, and his urine contained a marked trace of albumen. He died 
from a pulmonary haemorrhage. A thrombus in the heart contained 
streptothrix. Scattered over the surface of the right and left lungs were 
numerous deep grayish-blue areas, in which yellow patches were to be seen, 
with central necrosis. A fistulous tract extended from the costal margin 
to the umbilicus and inguinal ligament. Abscesses were discovered in 
the lung, myocardium, abdomen and chest-wall. Tuberculosis, pneu- 
monia, meningitis, actinomycosis, gumma and glanders were considered 
in the differential diagnosis of this condition. 

An instance, in which multiple skin abscesses, pleuropneumonia, 
cystitis and pyelitis were due to streptothrix, has been recorded by 
Scheele and Petruschky. Streptothrix was recovered from the patient’s 
sputum. That nocardiosis cutis may resemble sporotrichosis has been 
observed by Guy, who obtained a cure following the administration of a 
saturated solution of potassium iodide. Plaut has stated that the skin 
condition may resemble erysipeloid infections. 

Streptothrix infections of the kidney are apparently never primary. 
Amyloid degeneration in this connection has been noted. Metastatic 
streptothrix abscesses in the kidney have been reported by Sabrazés and 
Riviére and others. 

Nikolaus and Tscherniaewa have noted fatty changes in the adrenals, 
and an increase in the lipoid content of the reticuloendothelial cells of 
the liver, spleen and lung. They also observed what they consider to 
be nonspecific metaplastic changes in the alveolar epithelium of the lung. 


Differential Diagnosis: In the differential diagnosis of streptothrix in- 
fections of the lung one must consider certain specific infections, such as 
tuberculosis, actinomycosis, sporotrichosis and glanders, and certain 
nonspecific infections, as, for example, bronchopneumonia, pulmonary 
abscess, mediastinal abscess, empyaema, meningitis, etc. 

The important fact in the diagnosis of the condition is that search for 
the organism in the sputum or pus will in practically every instance reveal 
its presence. ‘The bone lesions, and renal lesions also, demand considera- 
tion, since they can mask the underlying picture for quite a time. The 
rather extensive literature on streptothrix infections illustrates the rela- 
tive frequency of the condition and the various clinical pictures which it 
may present. The possibility of streptothrix infection must always be 
considered when a patient presents himself for examination suffering 
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from a chronic suppuration or from what appears to be pulmonary 
tuberculosis save for the presence of tubercle bacilli in the sputum. 


Prognosis and Treatment: Mcllraith, Turner and Braxton Hicks re- 
ported a case of thoracic and abdominal streptothricosis which terminated 
successfully. ‘The patient, a female, 24 years of age, had an appendicec- 
tomy (gangrenous appendix) performed in 1925. In May, 1926, aspira- 
tion of a swelling over the right chest yielded thick bloody pus, from 
which streptothrix was recovered. A new swelling developed in July. 
This swelling was apparently situated between the diaphragm and liver. 
A vaccine was prepared from pus obtained from this abscess and in- 
jected, starting with one minim (1 mgm. of culture per cc. of diluent) 
given every five days. The dose of vaccine had increased to twenty 
minims by September. The abscess cavities were treated with 5 per 
cent alcoholic solution of a mixture of brilliant-green and methyl-violet. 
Iodine was given but discontinued. Vaccine treatment continued for 
over six months. It is questionable as to what part the vaccine per se 
played in the cure of this patient. 

When considering the mortality among the Middlesex cases, Fouler- 
ton points out that early operation and consequent discovery of the 
nature of the infection must be kept in mind. Of 40 streptothrix cases 
about the nose and throat there was one death. An abscess in the parotid 
gland broke externally. There was progressive subcutaneous spread, 
and death resulted from a pulmonary infection. None of the other 39 
patients died while in the hospital. Most of these patients presented 
single and comparatively small abcesses in the cheek or neck or about the 
fang of a tooth. In some instances there was progression to the sub- 
cutaneous tissue of the neck. 

Suppuration and thromboses were responsible for six deaths in the 
group of 20 primary streptothrix infections of the appendix (Foulerton). 
Nine of the 14 patients with primary streptothrix infection of the lung 
died. Two were discharged as hopeless. 

In cured skin cases the skin becomes dusky, but this change, Foulerton 
states, is due to changes in the subcutaneous tissue where cicatrization 
takes place. 

Chemotherapy in streptothricosis has been discussed in detail by Dessy. 
The results in general conform to those obtained in the treatment of 
pulmonary tuberculosis by metals. 

Bridge employed iodine in its various forms, and frequently copper 
sulphate, one-third of a grain three times a day. 
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Immune sera and streptothricin (like tuberculin) have been employed 
by some with varying results. Whenever possible, large collections of 
pus should be drained. Pulmonary streptothricosis is a particularly seri- 
ous condition, the mortality high, and the number of recorded cured 
cases few. 


Association with Tuberculosis: Three of Bridge’s patients had pulmo- 
nary tuberculosis. Foulerton and Peemédller note that tubercle bacilli 
are usually absent. Acute pulmonary tuberculosis as an associated 
condition occurs so rarely as to influence the treatment not at all. Clay- 
pole has stated that streptothricosis and tuberculosis may exist in the 
same person, -as evidenced by the appearance of both microérganisms in 
the sputum and both skin reactions. Thompson, in a very recent publi- 
cation, reported concerning anaerobic streptothrix occurring in the 
sputum in pulmonary disease. He recovered in every instance a gram- 
positive non-acid-fast streptothrix from the sputa of 118 patients 
suffering from pulmonary tuberculosis. In the entire series this same 
streptothrix was recovered in 65 per cent of all the nontuberculous sup- 
purations, such as bronchitis, bronchiectasis and asthma. The organism 
is nonpathogenic for lower animals. Thompson states that a potent 
antiserum can be obtained. The serum has a high degree of agglutin- 
ability and complement fixation with its homologous antigen and B. 
tuberculosis. 


SUMMARY 


1. A case of streptothricosis, possibly primary in the lungs, has been 
reported. Streptothrix was found clinicaily in the gums, sputum, pus 
from superficial abscesses and, at autopsy, in practically every organ of 
the body. 

2. The signs and symptoms of the disease in this instance were fever, 
moderate leucocytosis, and those referable to the different organs ' 
involved. Thus, at first, they were of a nephritis, later of a bone disease, 
and last of a widespread involvement of the lungs, ribs and chest-wall. 

Throughout the illness there was a persistent but quite unexplained 
purpura. 
3. Treatment in this instance consisted of potassium iodide by mouth. 
Massive doses were given until the signs of iodism were produced. The 
patient also received several lipiodol injections by the aspiration method, 
The abscesses of the chest-wall were incised and drained. 
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4. Pathologically the lesion in the lung was associated with pulmonary 
tuberculosis. ‘Tubercle bacilli could be demonstrated from direct smear 
in pus obtained from the abscess cavities. At no time during the course 
of the disease could tubercle bacilli be demonstrated in the sputum. 
The frequent occurrence of gram-positive non-acid-fast anaerobic strep- 
tothrix with tubercle bacilli in the sputum of patients with pulmonary 
tuberculosis has been noted by one investigator. Such streptothrices 
were nonpathogenic for guinea pigs. Others have also noted the asso- 
ciation of tuberculosis and streptothricosis. It would seem that the 
important consideration is that the organism must be pathogenic for 
guinea pigs. 

5. The lesions in the lung showed the characteristic nodular formation 
with necrosis and abscess-formation. There were few proliferative 
changes and consequently little or no evidence of bronchiectasis. 

6. The character of the streptothrix in this case and its cultural char- 
acteristics have been studied and are being reported in a separate com- 
munication. 
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PRIMARY ASPERGILLOSIS OF THE LUNGS 
LEO V. SCHNEIDER! 


Aspergillus infection has been recognized since 1842, when Bennett 
described this fungus as a rather harmless and widely distributed parasite 
which causes pulmonary aspergillosis in men and animals. 

Most of the cases reported in the medical literature have occurred in 
France and Italy and only a few cases of primary lung aspergillosis are on 
record in the medical literature of this country, which proves that this 
condition is very rare in the United States. 

Osler (1) had reported a case in which the mycelium and spores of the 
aspergillus were present in the sputum at intervals for a period of twelve 
years. Lapenta (2) in 1921 reported 5 cases of aspergillosis, some of them 
as primary lesions and some as secondary to pulmonary tuberculosis. It 
is Lapenta’s opinion that aspergillosis is not so rare as is usually believed, 
but the presence of this infection is easily overlooked because histo- 
logically and clinically it closely resembles tuberculosis. True as this is, 
the differential diagnosis becomes particularly difficult when aspergillosis 
is secondary to any respiratory infection such as chronic bronchitis, 
bronchiectasis, or pulmonary tuberculosis. Even asa primary lesion, the 
recognition of this infection rests largely on the sputum findings, because 
physical symptoms and roentgenographic manifestations closely simulate 
those of fibroid pulmonary tuberculosis. 

In 1924 Celland (3) reported one case in which a patient was operated 
on for empyema and the examination of the pus showed aspergillus fumi- 
gatus. Macaigne and Nicaud (4) reported in 1927 a case of primary 
pulmonary aspergillosis in a woman who from the age of 26 to 53 had 
frequent and copious pulmonary haemorrhages and in whose sputum 
tubercle bacilli could never be demonstrated; filaments of aspergillus were 
constantly seen. Experimental studies with aspergillus patients revealed 
that repeated intracutaneous injections of them with aspergillus antigens 
caused focal reactions similar to tuberculin reactions in tuberculous 
patients. At the same time control injections of the antigen suspensions 
in a healthy person and in a patient with acute tuberculosis gave negative 
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reactions. No agglutinins or complement-fixing antibodies could be 
demonstrated by Macaigne and Nicaud in aspergillus serum. It is 
interesting to mention that animals inoculated with spores from a pure 
culture of Aspergillus fumigatus presented at autopsy typical tuber- 
culous lesions. 

The onset of aspergillus infection in man is rather insidious, with loss of 
strength, anorexia, night-sweats and a slight evening rise in temperature 
as the predominating symptoms. The majority of cases develop a pro- 
ductive cough with frothy, purulent sputum, which is quite often blood- 
tinged. Haemoptyses are frequent. In commenting on the objective 
symptoms, one point deserves to be mentioned in particular and this is 
the rather healthy appearance of the patients. Patients with primary 
aspergillosis of the lung do not look ill or emaciated, as we would expect, 
considering that this infection in the lungs is being carried for many 
years. They don’t lose weight as rapidly as in tuberculosis, yet the insidi- 
ousness and the latency of aspergillosis, with all other clinical symptoms, 
make the course of the disease so strikingly resemble pulmonary 
tuberculosis. 

Renon (5) sees a dangerous feature of this infection in the possibility 
of its being a precursor of pulmonary tuberculosis. Such cases of primary 
lung aspergillosis which subsequently became tuberculous are on record, 
and as a rule the outlook in these is grave because of the fact that the 
destruction of the lung parenchyma takes place in a much shorter time 
than would happen had either infection existed alone. 

Occupation is apparently of great importance in helping to arrive at a 
diagnosis, as the infection has been observed mostly in individuals hand- 
ling pigeons and parrots and also in hair-combers who use rye flour to 
remove grease from the hair. Infection with Aspergillus fumigatus has 
also been found among penguins in the southern hemisphere. 


Report of Case 


A male, single, age 36, was admitted to the Maryland Tuberculosis Sanatorium, 
January 2, 1930. His personal history was practically negative, as was his 
family history, save for one sister who died four years earlier presumably from 
pulmonary tuberculosis. This, however, could not be definitely proved, as she 
lived separately from the rest of her family fora good many years. The patient 
came to this country from Poland in 1913 and had been in good health until 
March, 1919, when he noticed that he was getting tired easily, and had lost his 
appetite and developed a productive cough. The sputum was blood-tinged for 
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four months. He consulted several physicians but his condition remained 
practically unchanged. Sputum was examined several times and the patient 
was assured “that he had no consumption.” During the following five years 
he felt better and all the symptoms disappeared to a great extent. In 1925 he 
had a relapse. Previous symptoms appeared again, he had a constant sub- 
sternal discomfort, and he had been spitting blood rather freely. Cough was 
more annoying than previously and he gave up his work entirely. At this time 
he was taken care of in a Hospital in New Jersey, where his sputum was 
examined for tubercle bacilli every day for several weeks, as pulmonary tubercu- 
losis was suspected. The reports were persistently negative. Since 1925 his 
condition has remained apparently the same. On admission to the Sanatorium 
his general appearance was fairly good. He complained mainly of coughing 
and expectorating blood, mostly in the mornings, night-sweats and chills. His 
chest was sore “from the throat to the stomach,” particularly while walking 
or talking. His appetite was fair, but strength impaired. The temperature 
was occasionally elevated to from 99° to 99.2°, with the pulse corresponding to 
the temperature. His weight was practically up to standard (137 pounds, 
height 5 feet, 4 inches) and this was the highest point he ever reached. On 
physical examination his heart was found normal, abdomen negative, and liver 
within normal limits. Lymph nodes were not palpable, the chest was rather 
flat, and the fingers clubbed. Chest examination showed exceedingly little. 
On the right side there was prolonged expiration, with whispered bronchophony 
to the 2nd rib in front and 3rd vertebral spine in the back, and also breath- 
sounds suppressed over the base in the back. A few musical rales were heard 
after cough in front, and a few fine rales, mostly confined to the first lung zone, 
in the back. The left side was negative. A roentgenograph of the chest 
showed: Right Side: Dense clouding over the apex, slight fibrosis in 1st inter- 
space, heavy roots at base. Left Side: Clouding of apex. Repeated routine 
examinations of the sputum failed to demonstrate tubercle bacilli. Single 
specimens and also 24-hour specimens of sputum, treated with 10 per cent solu- 
tion of sodium hydroxide for 3 minutes, showed clearly the mycelium and fila- 
ments of Aspergillus fumigatus. Additional history obtained from the patient 
after thorough questioning revealed that he was always very fond of pigeons and 
in 1912-1913 had raised them on his father’s farm and not infrequently fed 
them forcibly from mouth to beak. The patient was kept in the Sanatorium 
under routine hygienic treatment. Intravenous injections of sodium iodide, 
(20 cc. of a 10 per cent solution) were given for six daysin succession. Follow- 
ing the iodide injections immediate improvement was observed. The patient 
developed a good appetite and gained 3.5 pounds in weight, and the chest dis- 
comfort which annoyed him most has practically disappeared. He still occa- 
sionally expectorates a small amount of dark sputum, particularly during a cold 
day, but his strength is gradually returning and his temperature is normal. 


LEO V. SCHNEIDER 


CONCLUSIONS 


1. Aspergillus fumigatus is a microérganism which produces pulmonary 
lesions resembling those of fibroid tuberculosis. 

2. Clinical symptoms and X-ray findings are identical with those of 
chronic pulmonary tuberculosis; it is therefore likely that some of the 
cases are overlooked. 

3. Differential diagnosis becomes particularly difficult when aspergillus 
infection is secondary to any respiratory infection. 

4. Aspergillus infection is transmitted from pigeons and parrots and 
is also observed in hair-combers who use rye flour to remove grease from 
the hair; therefore occupation and a careful history is of importance, as 
this helps to arrive at a correct diagnosis. 

5. Animals inoculated with spores from a pure culture of Aspergillus 
fumigatus showed typical tubercular lesions at autopsy. 

6. Tuberculin tests are of no diagnostic value because aspergillosis 
gives the same local reaction as tuberculosis. 

7. Iodide salts seem to be specifically destructive to the life and growth 
of the aspergillus fungus. 
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TUBERCULOSIS AND CANCER! 
W. C. HUEPER 


The investigator who attempts to study the question of the existence 
and character of interrelations between tuberculosis and cancer finds him- 
self confronted with a mass of confusing and contradictory statements 
supporting one of the four possible conceptions in this matter. The 
purpose of this communication is a critical review of the material pub- 
lished on this subject and a presentation of suggestions for future investi- 
gative work. 


1. CANCER FAVORING THE DEVELOPMENT OF TUBERCULOSIS 


A favoring influence of a primary cancer upon the secondary develop- 
ment of tuberculosis is postulated by numerous authors for various 
reasons. A purely mechanical basis for an interrelation of the two dis- 
eases is asserted by Weyneth, who holds that in cancers of mucous mem- 
branes tubercle bacilli growing on their surfaces are included into the 
tumor when proliferating neoplastic cells grow around them. Riffel con- 
tends that cancer tissue represents a favorable culture medium for tuber- 
cle bacilli, and considers them as saprophytes which exert however an 
injuring effect upon the cancer cells. He states that malignant tumors 
with superimposed florid tuberculosis show for this reason marked regres- 
sive changes. Hart seems to have a similar opinion concerning the sapro- 
phytic character of tubercle bacilli in cancer, as he found these bacilli in 
the content of a bronchus blocked by a carcinoma without finding any 
other histological evidence of a tuberculous infection. 

Zenker contends that the tissue changes present in ulcerated carci- 
nomata prepare the way for the invasion of tubercle bacilli. Whether 
these changes are of specific or nonspecific nature is not stated by the 
author. Virchow considers the possibility that cancer lowers the bodily 
resistance to tuberculous infection and may consequently either reactivate 
an old tuberculosis or favor the new entry of tubercle bacilli. White 
concurs in this opinion. Warthin and Wells, while they do not take a 
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definite stand on the question of antecedence of either one of the two 
processes, note that the presence of a malignant tumor (among which 
Warthin includes also lymphogranulomatoses and leukaemias) activates 
the tuberculous process and produces a more rapid course. While the 
previously mentioned authors consider only a local or general interrelation 
of cancer to tuberculosis in the same person, several workers try to 
establish such connections among members of the descendants. Cook, 
for instance, claims that children of carcinomatous parents develop 
tuberculosis often. Burdel takes a similar view, and records that 327 
tuberculous children originated from 79 carcinomatous parents (12 per 
cent of the descent was carcinomatous, 59 per cent tuberculous, and 21 
per cent free from both diseases). The most recent statement in this 
respect comes from Aronsohn in 1902, who found that an unduly high 
proportion of the parents of the tuberculous die from cancer. He 
asserted that 10 per cent of all tuberculous individuals have cancer- 


ous parents. 
2. TUBERCULOSIS FAVORING DEVELOPMENT OF CANCER 


The doctrine of tuberculosis as a disease predisposing to cancer is an 
old one and dates back several centuries. It was before the last half of 
the nineteenth century a rather widely accepted dogma which lost some 
of its popularity during the latter half of this period (Cook, Williams). 
But tuberculosis has received in this respect in more recent years again 
increasing consideration by some investigators as an important aetio- 
logical factor in cancer-formation. Ribbert assumes that tuberculosis 
acts as an incitant to growth upon aberrant, undifferentiated cell-groups, 
especially on the metaplastic epithelium of the bronchial mucosa follow- 
ing chronic bronchitis, influenza and tuberculous cavity-formation. 
Orth also looks upon tuberculosis as a precancerous disease. Some of the 
older authors point to the frequent coincidence of tuberculosis with 
carcinoma. Among 130 cases of cancer Sibley (1859) found a concomi- 
tant tuberculosis 48 times (37 per cent). Moore saw this combination in 
25 per cent of his cases (1866). Ewing appears to be a strong supporter 
of the tuberculous origin of some of the neoplastic growths. He writes in 
his book on neoplastic diseases concerning the aetiology of lympho- 
sarcoma as follows: 


Thus it seems highly probable that many cases of lymphosarcoma arise on a 
tuberculous basis and that the process thus established progresses of its own 
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momentum and eventually apart from the presence of any bacilli or their 
toxins. That it is not always the exciting factor must be granted... . . 
Tuberculosis occupies a prominent position as an excitant of lymphosarcoma. 
In fact many observers finding frank tuberculosis so intimately associated 
with lymphosarcoma have been willing to identify the two conditions. Since 
the discovery of tubercle bacilli in pseudoleukemic tissue by Weigert, in pure 
lymphoid hyperplasia by Brentano and Tangl and in generalized lymphomas 
of nodes, spleen, liver and serous membranes by Sabrazer only a slight difference 
has separated lymphosarcoma from the immediate or distant presence of 
tubercle bacilli or their toxins. 


In support of his conception Ewing cites the reports of Ricker, Miiller, if 
Brandt, Nothnagel, Freudweiler, Munk and others. But he points to i 
the difficulties sometimes encountered in the histological differential 
diagnosis of lymphosarcoma from tuberculosis or some form of infectious 
granuloma. Concerning the aetiological relations of tuberculosis to 
leukaemia Ewing takes a similar standpoint. He states that 


the general facts of the disease (leukemia) suggest rather strongly the con- 
tinued presence of an irritant of toxic or bacterial nature as the exciting cause 
of the hyperplasia. If any one known bacterial agent is chiefly concerned it is 
the tubercle bacillus. The comparatively frequent association of some form 
of tuberculosis with lymphemia and the known tendency of tuberculosis to 
induce extensive lymphoid hyperplasia even without the demonstrable presence 
of the bacillus create a strong suspicion that this organism is a frequent excit- . 
ant of leukemia: It seems possible that in tuberculosis may eventually be a 
found a connecting link between lymphemia, pseudoleukemia, some cases of 
Hodgkin’s disease and some forms of lymphosarcoma. 


Ewing points furthermore to the occurrence of a combination of chlo- 
roma with tuberculosis. In regard to lupus carcinoma Ewing notes that E 
epithelioma develops in a considerable proportion of cases of lupus i 
vulgaris and much less frequently with lupus erythematodes: 


It arises both in the active regions of the tuberculous process in skin and mucous 
membranes and in about 30 per cent of the cases in the lupus scar tissue and as 
early as the fourth or as late as the fifty-fifth year of the original disease. In 
many but not in all, the course is relatively rapid for cutaneous cancer with 
invasion of lymph nodes and internal growths. The prognosis is very grave, 
only nine of Ashikara’s list of 122 recovering. That there is something specific 
in the tuberculous process is suggested by the greater frequency of epithelioma 
after lupus vulgaris than with simple chronic eczema, . 
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Ewing also considers tuberculosis as the chief aetiological factor in 
carcinoma of the lung. According to him carcinomata of the lung may 
originate from the metaplastic epithelium of tuberculous cavities and the 
cellular overgrowths of old tuberculous scleroses, atelectases and repara- 
tive lesions of the bronchial and pulmonary epithelium. He cites several 
older statistics in support of his viewpoint (Wolf, Schwalbe, Fried- 
laender, etc.). 

Cherry reports an increased incidence of tumors, including cancers, in 
mice inoculated with small amounts of tubercle bacilli. The same author 
attempts also in a theory to interrelate the phenomena of the decreasing 
mortality rate of tuberculosis and increasing mortality rate of cancer 
during recent decades on the basis of a tuberculous predisposition to 
cancer. He has the following explanation to offer: The tuberculous 
infection produces a proliferative stimulus, as evidenced by the epithe- 
lioid-cell proliferation. If resistance against the tuberculosis develops 
in the course of the disease the proliferative stimulus continues to exist 
and may lead in later life to the development of a cancer. The increase 
in cancers during the last decades is therefore, according to Cherry, due 
to the fact that the number of persons with acquired tuberculous resist- 
ance has been greatly augmented in recent times. Hereditary constitu- 
tional effects of tuberculosis upon cancer frequency are also suspected by 
several authors. Burdel (1869), for instance, claims that of 100 cancer 
families 75 had tuberculous antecedents. He regards tuberculosis as the 
predecessor of cancer in the descendants. Williams states that all 
hereditarily tuberculous persons who do not develop tuberculosis acquire 
cancer. Riffel (1905) found in 86 per cent of persons with gastric cancer 
a hereditary predisposition to tuberculosis. 


3. ANTAGONISM BETWEEN TUBERCULOSIS AND CANCER 


The doctrine of an antagonism between tuberculosis and cancer was 
first advanced during the third and fourth decades of the last century 
(Hunter 1839, Carolus de Weys 1834, Boudin 1845, Rokitansky 1841). 
Rokitansky later became its outstanding supporter. While he asserted 
in the beginning that cancer never occurs together with any type of 
tuberculosis, he soon had to modify this statement under the pressure of 
the constantly increasing evidence that cancer and tuberculosis may be 
present in the same individual. But he continued to deny the coexist- 
ence of cancer with florid tuberculosis. He asserted that tuberculosis 
may only then develop in the presence of a cancer, if this process ulcerates 
and the cancer crasis is thereby extinguished or vice versa. 
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Rokitansky’s postulate was supported for many years by French inves- 
tigators (Bazin, Brinton, etc.). It is now a well-established fact that 
cancer does not only occur together with tuberculosis in the same indi- 
vidual, an observation already made by Cuveilhier in 1828, but even in 
the same organ, where the two conditions may be found in intimate con- 
tact with each other. We know further that cancer may not only exist 
in the presence of an inactive tuberculosis, but also in association with an 
acute tuberculous process. 

In spite of these facts the dogma of Rokitansky has still in a modified 
form a numberof supporters. They contend that cancer is less frequent 
in tuberculous persons than in nontuberculous individuals, and conclude 
for this reason that tuberculosis is antagonistic to cancer and excludes 
to a certain extent the development of such growths. The supporters of 
this thesis regard also the following observations as favoring their con- 
tention: (1) Countries with a high mortality rate from tuberculosis have 
a low mortality rate from cancer and vice versa; (2) the decrease of the 
mortality from tuberculosis in recent years is accompanied by an increase 
in the cancer mortality; (3) colored races are strongly affected by tuber- 
culosis but have a low cancer incidence. 

Rokitansky had already made it a special point in the foundation of his 
doctrine that organs which are frequently affected by tuberculosis, such 
as lung, ileum, etc., are rarely the seat of malignant tumors, while, on the 
other hand, organs with cancerous tendencies, such as the ovary, salivary 
glands, stomach, oesophagus, rectum, etc., are only rarely involved in a 
tuberculous process. In this connection it may be recalled that Riffel 
contended for the existence of an injurious effect of tubercle bacilli on 
cancer cells. It follows from this statement that a cancerous growth is 
likely to be destroyed in the very beginning in organs containing tubercle 
bacilli. 

McCaskey makes a somewhat similar assertion on this matter. He 
notes that cancer and tuberculosis occur only rarely together in the same 
organ on account of the antagonistic effect of their chemical disease 
products. In support of the antagonistic conception numerous statistical 
data are brought forward. The last-mentioned author saw, for instance, 
among 281 cancer patients tuberculosis in only 1.25 per cent, while this 
disease was twenty times as frequent in the noncancerous group. Kely- 
nack reports an incidence of two tuberculous processes among 145 cancer 
autopsies. Williams saw the same number of tuberculous infections 
among 136 cancer cases. Landis states that no case of cancer was ob- 
served among 633 cases of tuberculous autopsies. 
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Lubarsch who evaluated 6,536 autopsies found the following numerical 
interrelations: 2,668 persons, or 40.8 per cent, were tuberculous and 569 
persons, or 8.79 per cent, were carcinomatous. Of the tuberculous 
series 117, or 4.4 per cent, were also carcinomatous, while of 3,668 non- 
tuberculous individuals 452, or 11.7 per cent, showed cancer. Of the 569 
cancerous patients 117, or 20.6 per cent, were tuberculous, while of the 
5,867 noncancerous persons 2,551, or 42.7 per cent, were tuberculous. 
Lubarsch comes to the conclusion that Rokitansky’s contention is to a 
certain extent correct. 

Among 1,445 necropsies of cancer patients which Broders compiled 
from the literature only 236, or 16.3 per cent, showed an association with 
tuberculosis. This percentage is low, if compared with the figures ob- 
tained at routine autopsies where upward of 50 per cent tuberculous 
incidence is seen. During the years I was associated with Hart in Berlin 
careful and very thorough searches for tuberculous foci in the organs of 
the dissected bodies showed such changes in 90 to 95 per cent of the cases. 
Only frank tuberculosis, caseous lymph nodes and calcifications in lungs 
or lymph nodes were counted as evidence; simple fibrosis in the lungs or 
chronic fibrous pleurisy was not considered in this respect. While this 
high percentage of tuberculous infections was obtained on a material 
originating from a big city, similar investigations of Hart on persons of a 
farming district showed an incidence of only 35 per cent. This fact 
has to be taken into consideration, if comparative studies on this subject 
are made or objections are raised against the high figures of tuberculous 
infection in adult bodies (Carlson and Bell). Hirschowitz saw only four 
times the coexistence of carcinoma with tuberculosis among 944 autopsies 
of persons dying from tuberculosis. Reinhard did not see any among 838 
bodies. According to Hirschowitz this combination occurs mainly in 
persons in their seventh decade or at a time when the tuberculous process 
has usually become inactive. Both just-mentioned authors believe in 
the existence of an antagonism between the two diseases. 

Avery detailed study, with employment of a discriminating method, has 
recently been made by Pearl on this subject. He grouped 7,500 autopsies 
of Johns Hopkins Hospital according to race, sex and age. There was 
a total number of 816 malignant tumors recorded. Active tuberculosis 
was found in 6.6 per cent of this group, and in 16.3 per cent of a second 
group of 816 noncancerous patients of the same sex, race and age as the 
former. The frequency of active tuberculosis was therefore more than 
twice as high in the noncancerous group as in the cancerous group. This 
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discrepancy was more marked if only sarcomata were considered (3.3 
times as frequent in nonsarcomatous group as against 2.2 times as fre- 
quent in the noncarcinomatous group). Pearl sees the cause for this 
observation in the fact that sarcomatous patients are, on the average, 
younger than the carcinomatous. On the other hand carcinoma was less 
frequent in persons with active tuberculosis than in those without it. 
Among 866 persons with very active tuberculosis cancer was found in only 
1.2 per cent, while in the corresponding controls of same sex, age and race 
the cancer incidence was 9.3 per cent. On the basis of these findings 
Pearl believes himself justified to assume the existence of an antagonism 
between tuberculosis and cancer. 

Experimental evidence to this effect is advanced by Centanni and 
Rezzesi. They injected a tuberculosis-resistant strain of mice with an 
emulsion of adenocarcinoma with 100 per cent susceptibility and with 
tubercle bacilli. No tumor-formation occurred. If tuberculin was sub- 
stituted a retardation of the tumor growth was seen. The injection of 
the tubercle bacilli directly into the tumor destroyed it partially. Dead 
bacilli had no effect. When cancer cells and tubercle bacilli were injected 
simultaneously into different parts of the body a temporary or per- 
manent depression in the rate of the growth of the cancer was observed. 
When cancer cells were injected into the animals previously infected with 
tuberculosis the growth of the tumor was delayed. 

The observations of Teutschlaender on tumor mice are of a more recent 
date. He made the chance observation that the presence of tuberculosis 
in these animals interferes with the growth of Rous’s sarcoma. He 
believes that the antiblastic action of the tuberculosis is an indirect or 
systemic one and not a direct bacteriotoxic one upon the cancer cells, as 
Fischer has shown that tubercle bacilli do not injure a culture of Rous’s 
sarcoma. The bacilli were simply phagocytized by the cells, while the 
subcultures could be successfully made for more than a year. 

An antagonism of the two diseases on a constitutional basis is assumed 
by several authors (Beneke, Pende, Baar). Beneke recognized a carcinom- 
atous and a tuberculous constitution which he regards as antagonistic to 
each other. He attributes to the carcinomatous constitution the follow- 
ing characteristics: Well-developed heart, wide or too wide arterial 
system, large aorta, narrow pulmonal artery, small lungs, well-developed 
liver, strong muscles and bones, well-developed subcutaneous fatty tissue. 
The characteristics of his tuberculous constitution are: Small heart, 
narrow vascular lumina, wide pulmonal artery in comparison to aorta, 
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large lungs, small liver, weak muscles and bones. Baar on the other hand 
groups the individuals into the sympatheticotonic group with cancer 
disposition, a contention to which also Opitz subscribes, and into the 
vagotonic group in which according to Baar cancer never occurs, but 
tuberculosis, scrofulosis and the exudative diathesis. 

Finally one has to consider the possibility that an antagonism between 
cancer and tuberculosis is only an apparent one caused by nonspecific 
tissue changes of a mechanical character. Wild states that lupus car- 
cinoma does not produce metastases on account of the destruction and 
obliteration of the lymphatics by the lupus process. Also Kaufmann’s 
observation on the scarcity of metastases even in the regionary lymph 
nodes in lupus carcinoma seems to point in this direction. It seems to be 
obvious that the obliterating tuberculous lymphangitis following the 
tuberculous process in the skin will interfere with the spreading of the 
secondary carcinoma in the ways of least resistance and will result in a 
delay of the appearance of metastases. From my own experience I am 
more inclined to follow the viewpoints of Wild and Kaufmann than the 
contradictory ones of Ewing in this matter. 

In conclusion of this discussion it may be of interest to note that some 


of the supporters of the antagonistic standpoint have already started to 
use tuberculin in the therapy of cancer (Dakrey, Pearl). Dakrey reports 
improvement in two of seven cases thus treated. Also McCaskey and 
Teutschlaender propose the therapeutic use of tuberculin in cancer cases. 


4, TUBERCULOSIS AND CANCER WITHOUT INTERRELATIONS 


Among the supporters of the fourth conception favoring the absence 
of any interrelations between the two diseases we find Eppinger, Schwalbe, 
and Carlson and Bell. The two last-mentioned authors have recently 
made an attempt to discredit the work of Pearl and others by an evalua- 
tion of 11,000 autopsies. They determined the incidence of cancer, 
tuberculosis and heart diseases in this series and studied their interrela- 
tions. They found that active tuberculosis is much less frequent in can- 
cerous persons than in noncancerous subjects. It is even less frequently 
associated with heart disease than with cancer. Moreover cancer shows 
less frequent association with heart diseases than with active tubercu- 
losis. Cancer is also much less common in individuals with active tuber- 
culosis than in those without tuberculosis or healed tuberculosis. They 
come to the conclusion that there is no statistical evidence available in 
their investigations to support the view of antagonism between tubercu- 


| 
if 


TUBERCULOSIS AND CANCER 279 


losis and cancer as also heart diseases seem to have an identical effect 
upon cancer even in a higher degree than tuberculosis, an observation 
they are not inclined to accept as evidence of an antagonism between 
these two diseases but rather as an incidence. 


COMMENT 


While there can be no doubt that tuberculous and cancerous tissue 
may grow in close contact with each other the correctness of this observa- 
tion in all the cases reported is questioned by Herxheimer, who describes 
5 cases in which “tubercles” were found in the cancerous tissue, but in 
which tubercle bacilli could not be detected in the tissue with special 
tissue stains and the antiformin method. He concludes therefore that 
he was dealing with pseudotubercles in the stroma. I have published a 
case of carcinoma of the lung in which several weeks before death acid- 
fast bacilli were repeatedly found in thesputum. ‘The postmortem exam- 
ination however did not offer any evidence of tuberculosis of the lung. 
While there is the possibility that the tuberculous tissue was destroyed 
by the cancer, it seems to me more probable that the acid-fast bacilli 
were not tubercle bacilli, but acid-fast saprophytic bacilli which are 
occasionally seen in the content of gangrenous cavities of thelung. These 
are two points of importance which should be considered in any work 
dealing with the correlations between tuberculosis and cancer to avoid 
incorrect conclusions. 

Concerning the favoring effect of cancer upon the development of 
tuberculosis, the contention of Riffel that cancerous tissue represents a 
favorable culture medium for tubercle bacilli is in no way supported by 
facts. The coexistence of cancer and tuberculosis growing in close con- 
tact is, on the contrary, relatively rare. Tumor cachexia may lower the 
resistance of the body against tuberculous infection, as mentioned by 
Virchow, but this process is certainly of a nonspecific nature and does not 
indicate the presence of any direct, specific favoring influence of the 
cancer upon the development of a secondary tuberculosis. Concerning 
the activation of tuberculosis by coexisting leukaemia, lymphogranulo- 
matosis and lymphosarcoma, as asserted by Wells and Warthin, one 
has to consider the fact that the first two conditions are not generally 
recognized as blastomata, lymphogranulomatosis is even considered by 
some authors as an atypical tuberculous process (Sternberg), and in 
regard to the histological diagnosis of the third disease I refer to the 
statement of Ewing that the differential diagnosis of tuberculous granula- 
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tion tissue and lymphosarcoma is sometimes difficult and to the reluctant 
attitude of Borst to place round-cell sarcomata among the malignant 
tumors, as he suspects that these round-cell proliferations will eventually 
be recognized as some type of infectious granuloma. Concerning the ex- 
istence of hereditary interrelations of tuberculosis and cancer, as claimed 
by Burdel, Cook, Aronsohn, Williams and Riffel, any reliable conclusions 
are not possible, as their statistical material is small and the evidence 
inadequate, a fact already emphasized by Weinberg. A specific favoring 
effect of cancer upon tuberculosis of general significance appears to be 
unlikely on the basis of the evidence available (Lubarsch). 

I can also give very little encouragement to the idea that tuberculosis 
is a precancerous disease. The correctness of such a contention should 
be borne out, first of all, by a high frequency of cancers of the lungs of 
predominantly tuberculous origin. But, according to recent extensive 
statistics on this subject (Schoenherr, Kikuth, etc.), the coincidence of 
cancer and tuberculosis of the lung is relatively rare (4.4 per cent accord- 
ing to Schoenherr) (Hoffman). Ewing’s statement to the contrary in 
this respect is, according to these figures, incorrect as based on old and 
inadequate statistics. 

Another observation points in the same direction: While tuberculosis 
of the lung is frequent among colored people, cancer of this organ is 
relatively rare and less frequent than among white people. Also lupus 
cancer cannot be regarded as a frequent complication of skin tuberculosis 
(Ewing), as it occurs in only 1.5 to 4 per cent of the cases, according to 
Eller and Andersen. Considering the fact that cancers of the skin are 
frequent and that ulcerated lupus tissue is exposed to all kinds of trauma, 
the cancerogenic qualities of lupus vulgaris seem to me somewhat doubt- 
ful. The rare coincidence of primary tuberculosis with cancer in organs 
frequently affected by tuberculosis, such as the larynx, intestine, etc. 
(Ewing, Kaufmann), supports my viewpoint in this matter. Ewing 
states that no relation exists between cancer and tuberculosis of the 
larynx and Kaufmann pronounces their coexistence as rare. Leicher 
found only 12 cases of this type reported in the literature up to 1926. 
Hamperl was able to collect in 1926 only 22 cases of tuberculosis of the 
gastrointestinal tract associated with cancer (stomach 6 cases, colon 1, 
caecum 8, ileum 3, rectum 4). Faltin increased the number of stomach 
cases to 13 in a later publication (1927). Callahan, Schiltz and Hellwig 
reported recently that tuberculosis of the tubes with primary cancer 
has been recorded in the literature only six times up to 1929 and with 
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metastatic cancer only three times. They note furthermore in their 
paper that Gais could find only 28 cases of coexisting tuberculosis and 
cancer of the female sexual organs on record. v. Franqué has moreover 
shown that the cancer in cases of tubal tuberculosis does not originate 
from those small adenomatous proliferations of the mucosa seen adjacent 
to the tuberculous process, but from normal epithelium. These compila- 
tions, even if they are not complete, give in spite of this fact an adequate 
picture of the relatively rare coincidence of tuberculosis and cancer in 
the same organ. 

A critical discussion of the material offered by the supporters of the 
antagonistic standpoint can be restricted mainly to an analysis of the 
work of Pearl, as in his figures many of the statistical errors included in 
the work of previous investigators are eliminated by the introduction of 
control groups representing the same sex, age and race of the persons 
present in the cancer and tuberculosis groups. His method has to be 
considered as the most refined so far used in investigations on this subject, 
and his results are therefore more reliable and conclusive than anything 
else offered in this respect. It might be mentioned here that his control 
investigations upon the existence of an antagonism or predisposition to 
cancer in emphysema and chronic adhesive pleurisy of nonspecific origin 
were entirely negative. The only objection which in my opinion may be 
raised against the method of Pearl lies in the inclusion of the pure tuber- 
culous cases in the group of noncancerous deaths, a factor which is apt 
to distort to a certain extent the actual relations. 

These positive findings of Pearl are not discredited by the investiga- 
tions of Carlson and Bell, who used heart diseases as a control condition, 
as it is a well-known observation that certain cardiac lesions have a pre- 
ventive or curative effect upon tuberculosis of the lung. It is a peculiar 
coincidence that also this claim is connected with the name of Rokitansky. 
He stated that there exists an interrelation of exclusion between organic 
heart lesions and tuberculosis of the lung. The doctrine was later some- 
what modified by Traube and v. Leyden, as, according to these authors, 
the antagonism exists mainly between the mitral lesions and especially 
between mitral stenosis and pulmonary tuberculosis. Pottenger however 
states that pulmonary tuberculosis is less frequently found together with 
all organic heart lesions producing chronic cyanosis and brown induration 
of the lung. It is only the pulmonal stenosis, usually on a congenital 
basis, which causes a predisposition to tuberculous infection of the lung. 
I gathered from several large statistics that about 90 per cent of all 
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organic heart lesions involve the mitral and aortic valves and that 25-45 
per cent of them are simple or complicated mitral stenoses (Kuelbs, Gutt- 
mann, Schmitt, Gerhardt, Uhlenbruck, Hirschfelder, McFarland, Juer- 
gensen). It is therefore to be expected that Carlson and Bell found a 
decreased frequency of tuberculosis in cases with heart diseases. While 
this part of their observations is rather readily explained, their statement 
concerning the infrequent coexistence of cancer with heart lesions is not 
so easily understood and requires more investigative work before an intel- 
ligent explanation can be given. But I wish to refer to several observa- 
tions which may possibly indicate the way in which a solution of this 
question may be sought. Arjeff determined the constitutional types of 
patients with cardiovascular diseases and found that, according to the 
Pignet indices obtained, hypersthenics show a predisposition to degenera- 
tive vascular diseases (arteriosclerosis) and adipositas cordis, while asthen- 
ics had the majority of the organic heart lesions and cardiac neuroses. 
Arjeff believes that chemical conditions of the blood and variations in 
the structure of the nervous elements are responsible for these discrep- 
ancies. Also Kretz states that heart lesions are especially frequent in 
asthenics and hypoplastics. He adds that patients of this type develop 
more likely a dry type of decompensation characterized by marked cyano- 
sis of the lung and liver and a tendency to infarct-formation, while 
hypersthenics with heart lesions show more the wet type of decompensa- 
tion, as evidenced by oedema, ascites, etc. If we now recall that Beneke 
looks upon the hypersthenics as the prospective cancer patients and 
upon the asthenics as the prospective tuberculosis patients, to whom he 
attributes also a small heart and narrow vessels, we find that the latter 
group includes also the prospective cardiac patients. A person with an 
asthenic constitution may acquire an organic heart lesion in childhood 
and may thereby compensate his tuberculous predisposition. If we grant 
now the possibility that a constitutional factor is present in the aetiology 
of malignant growth, as is indicated by the research of recent years, we 
may look for an explanation of the low cancer incidence in cardiac patients 
on a constitutional basis. 

While the existence of a constitutional antiblastic factor in asthenics 
is at the present time more or less a matter of conjecture, there exists 
already some definite evidence in this respect in other constitutional 
disturbances. Volland, who bases his conclusions on 2,000 autopsies of 
insane persons, found that the cancer mortality among this class of people 
is much lower than among the general population of the same region 
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(3.8 against 7.8 per cent). Moreover he found among 1,600 deaths of 

epileptics, with 540 autopsies, of which 575 were above 40 years old, a 
cancer death-rate of only 1.1 per cent (or 3.1 per cent among those above 
40 years of age), while the general population above this age had a cancer 
death-rate of 10.6 to 12.7 per cent. Similar observations were made by 
Hahn on epileptics with a cancer death-rate of 1.7 per cent and by Ganter 
with 2.9 per cent. Volland points in his discussion to the fact that epi- 
leptics show frequently degenerative stigmata, and have often a persistent 
thymus and a status thymico-lymphaticus with lymphocytosis. Also a 
hypoplastic vascular system and vegetative stigmata are often seen. 
These are factors which are regarded as antiblastic by numerous authors 
(Opitz, etc.). Volland mentions further that the onset of cancer in epi- 
leptics was often preceded by a decreased frequency of attacks. He notes 
also among his observations the occurrence of a spontaneous cure of an 
inoperable gangrenous carcinoma of the cervix, with palpable metastases, 
in an epileptic who died five years later from tuberculosis of the lung 
without any evidence of malignant tumor at autopsy. I wish further- 
more to mention here the claims of an antiblastic constitution made for 
persons with exophthalmic goitre, diabetes (Elsner) and gout (Isager). 

On the other hand there exists also some evidence that the secondary 
body reaction following an infection with tuberculosis may exert an anti- 
blastic influence. The above-mentioned experiments of Centanni and 
Rezzesi and the observations of Teutschlaender point in this direction. 
Also the discrepancy in the cholesterol content of the blood present in 
patients with cancer and tuberculosis may be interpreted to this effect. 
The blood-cholesterol level is low in patients with active tuberculosis and 
rises with increasing body resistance, while the cholesterol content of 
cancer patients is high and drops when improvement is noticed. I do 
not believe that a direct antiblastic effect of the tubercle bacilli or their 
toxins is probable after the negative results of Fischer with tissue cultures 
of cancer cells infected with tubercle bacilli. 

While all these observations tend more to show the existence of an 
antagonism of the two diseases, resulting frequently in an exclusion of one 
condition in the presence of the other, there exists very little information 
in regard to the course of one of the diseases in coexistence with the other. 
We can refer in this respect only to the experimental observations of 
Centanni and Rezzesi, who found a retardation of the malignant growth 
after injection of tubercle bacilli or tuberculin into cancer-bearing mice. 
Moreover, there have to be mentioned in this connection the statements 
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of Wild and Kaufmann in regard to the late occurrence of metastases in 
lupus carcinoma due to mechanical blocking of the lymphatics by the 
tuberculous process. 

Finally I wish to mention briefly a differential diagnostic point. The 
combination of cancer with tuberculous regionary lymph nodes may some- 
times lead to the incorrect diagnosis of metastatic growths. I have seen 
this combination in several instances and found it also recorded in the 
literature (Clement, Leicher) (cancer of the breast with tuberculous 
axillary lymph nodes, cancer of the larynx with tuberculous cervical 
lymph nodes, etc.). From a macroscopical standpoint the differentiation 
of tuberculosis and cancer may also sometimes prove difficult. I men- 
tion in this respect especially the primary, multiple, small, nodular 
carcinoma of the lung, which may resemble closely an acinar nodular 
tuberculosis of this organ and the small nodular carcinomatosis and tuber- 
culosis of the pelvic organs. A microscopic examination is usually neces- 
sary to establish the correct diagnosis. The microscopic differentiation 
between metastatic squamous-cell carcinoma and epithelioid tubercles in 
lymph nodes will offer in general no difficulties for the experienced ex- 
aminer. The microscopic differentiation of certain types of sarcomata 


and tuberculous granuloma is, as already mentioned, not always easy and 
sometimes even impossible. 


CONCLUSIONS 


1. The doctrine of an antagonism between active tuberculosis and 
cancer is supported by numerous and reliable experimental and statistical 
data and has by far more evidence in its favor than any other conception 
of this matter. 

2. No definite conclusions can be drawn from the material available 
concerning the causative mechanism of this phenomenon because reliable 
and extensive investigations into the effect of primary constitutional, 
secondary reactive and secondary mechanical factors of tuberculosis upon 
the malignant growth do not exist. 

3. A direct bacteriotoxic effect of tubercle bacilli upon the cancer cells 
appears to be improbable. 

4. Future work has to concentrate upon the determination and the 
differentiation of the above-mentioned factors which may produce or 
contribute to the causation of this “antagonism.” 
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THE RELATION OF ANATOMICAL VARIATIONS TO 
PHYSICAL DIAGNOSIS! 


I. THE PHYSICAL SIGNS INCIDENT TO AN ACCESSORY PUL- 
MONARY LOBE (AZYGOS LOBE) 


GULDEN MACKMULL 


Variations of the typal anatomy of organs are frequently encountered 
at autopsy and in the dissecting room, yet, unfortunately, their influence 
on physical signs is not generally emphasized or appreciated. Professor 
Schaeffer has always insisted that, ““The adherence to a single, fixed and 
arbitrary normal is fraught with danger, since with variations come 
altered size, altered shape, altered anatomical relations. Morphological 
variations must necessarily have an important bearing on physical diag- 
nosis, pathology, clinical medicine and surgery”’ (1). 


PHYSICAL SIGNS OF THE NORMAL PULMONARY APICES 


Physical diagnosis of the chest recognizes the normal differences in the 
palpation, percussion and auscultation findings between the right and the 
left pulmonary apices. Over the right apex, palpation gives a greater 
vocal fremitus; percussion, both ventrally and dorsally, elicits a note 
distinctly less resonant; and auscultation reveals breath-sounds which 
are louder and harsher, with a tendency to expiratory prolongation. 

The anatomical peculiarities of the pulmonary apices accounting for 
this normal difference, are summarized by various authorities (2) (3) (4) 
(5) (6). At the right apex the trachea deviates to the right and ventral- 
ward. The left apex is separated from the trachea by the subclavian 
vessels and the oesophagus. Thus the right apex is nearer the source of 
the formation of vocal fremitus and breath-sounds, and permits of their 
more direct transmission to the palpating hand and the stethoscope. The 
right innominate vein pursues an almost vertical course and encroaches 
upon the medial margin of the apex of the right lung; the right subclavian 
artery and vein are more lateral and ventral than the homologous struc- 


1From the Laboratories of the Daniel Baugh Institute of Anatomy, Jefferson Medical 
College, Philadelphia, Pennsylvania. 
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+ iresof the left side. The right pulmonary apex is smaller than its fellow, 
id, in percussing over the intervening arteries and veins with their blood 
lumns, the resonant note of the underlying lung tissue is impaired. 
The case here described presents, in addition to the above normal 
\atomical structures, an anomaly of the right pulmonary apex, in the 
rm of an accessory lobe (azygos lobe). This anomalous condition 
‘tered the usual normal increase in vocal fremitus, enhanced the impair- 
ent of resonance, and modified the breath-sounds over the apex of the 
cht lung, to such an extent that the physical signs were misinterpreted 

those caused by pulmonary tuberculosis. 


CLINICAL HISTORY 


J. J., a white adult mate, was admitted to the N—.State Hospital, May 
27, 1901, with the diagnosis of dementia praecox, catatonic type. In 1907 
‘he physical examination of the chest revealed marked dulness below the 
left clavicle, with impairment of resonance to the level of the second inter- 

stal space anteriorly. In 1908 the patient’s weight was 110 pounds and 
(he pulmonary lesion was considered quiescent. With the transfer to 
the A—.State Hospital in 1912, examination disclosed a flat type of chest, 
with impairment of resonance ventrally over the right apex, and dorsally 
to the third rib. Rdales were heard. A faint blowing systolic murmur, 
transmitted to the left axilla, was heard over the apex of the heart. The 
patient’s weight was 150 pounds. In 1920 the first admission to the 
tuberculosis ward.is recorded and the case reported as pulmonary tuber- 
culosis to the State Board of Health. The condition of the patient 
improved, until the second admission to the tuberculosis ward in 1921. 
At this time, the chest showed marked restriction of respiratory move- 
ments on both sides, impairment of resonance at the inferior angle of the 
scapula, and anteriorly to the third rib on the right side. The third 

dmission to the tuberculosis ward in 1923 reported the chest condition 
as on the prior admission. During the entire sojourn in this hospital, 
‘he patient was mute, incoherent and often maniacal, so that sputum 
nalysis and X-ray studies were impossible. Death occurred March 
3, 1926. 


POSTMORTEM EXAMINATION OF THE LUNGS 


During the dissection of this cadaver, upon removing the ventral 
noracic wall and pleurae, the right apex of the lung was found to be 
Imost completely constricted from the rest of the upper lobe by an 
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EXPLANATION OF FIGURE 1 


a. Accessory lobe (azygos lobe) of the upper lobe of the right lung. 
b. Major azygos vein, as it winds around the apex of the right lung. 
c. Upper lobe of the right lung. 

d. Superior vena cava. 

e. Pulmonary artery. 

f. Upper lobe of the left lung. 

g. Heart. 
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aberrant major azygos vein (9 mm. in diameter). This vein varied 
widely from its normal trajectory. Instead of crossing over the dorsal 
and superior surface of the root of the right lung to open into the superior 
vena cava, it turned sharply to the right, at the level of the fourth thoracic 
vertebra, over the lateroventral surface of the upper lobe; winding around 
the apex of the right lung to empty into the right innominate vein, 2 cm. 
from the innominate-jugular vein junction. Travelling over the ventral 
surface of the upper right lobe, the major azygos vein made a groove in 
the lung tissue 3 cm. deep, giving the impression, when viewed from in 
front, that the accessory lobe thus formed (7.5 cm. by 2.5 cm.) was almost 
completely separated from the rest of the lung. (See figure 1.) This 
azygos lobe occupied the supraclavicular fossa. There were no separate 
or individual branches of the bronchus, pulmonary artery or vein supply- 
ing this accessory lobe. The relations of the trachea, innominate vein, 
subclavian artery and vein were as described under the normal anatomy. 


PHYSICAL SIGNS OF THE ACCESSORY LOBE 


In reviewing the history of this patient, the similarity of the signs 
incident to the accessory pulmonary lobe and those usually ascribed to 
apical pulmonary tuberculosis are apparent. The marked impairment of 
resonance over the apex of the right lung, both ventrally and dorsally, 
the rales, etc., even in the absence of fever, and loss of weight were suffi- 
cient to report the case as one of pulmonary tuberculosis to the Board 
of Health. 

One is led to believe, that the signs were caused by the addition of the 
accessory lobe and the anomalous major azygos vein to the other normal 
contents of the right thoracic apex. The presence of the vein, with its 
extra amount of blood, definitely increased the normal dulness of the 
apex of the right lung and the winding and constricting effect of the 
anomalous vessel, interfering with the normal blood circulation and 
proper pulmonary ventilation, produced the rales recorded in the history. 


EMBRYOLOGY OF THE ANOMALY 


Although this anomaly has been reported several times (7) (8) (9) (10) 
(11) (12) (13) (14), the occurrence is probably more frequent than is 
usually supposed. 

In the reconstruction of Piper’s embryo, according to the views of 
earlier investigators as reviewed by Holtby (15), the postcardinal vein 
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(the future azygos vein), arching forward over the cephalodorsal part of 
the coelomic cavity to join the precardinal vein, carries with it a fold of 
the pleural membrane. This fold divides the apex of the pleurocoelomic 
cavity into a medial and a lateral segment, the former being the more 
prominent. 

The lateral growth of the lung bud, lying close to the lower border of 
this fold with the enclosed vein, passes the fold to spread laterally. The 
descent of the thoracic organs pulls the medial apex of the pleural mem- 
brane downward and finally causes it to disappear. The major azygos 
vein, which has developed in this pleural fold, then comes to lie along 
the medial surface of the right lung and over its root, the normal position. 

If, however, a downward pull on the pleural fold should cause it to 
impinge on the posterior surface of the lung bud, before the medial pleural 
apex has quite disappeared, the resulting pressure would lead to the 
formation of a medial pulmonary process. As this part of the lung con- 
tinues to grow and expand, it would naturally push upward the medial 
pleural apex, preventing its disappearance. Thus an accessory or azygos 
lobe would be formed. 

Bluntschli (13) and Fischer (11) have suggested that a delayed shift of 
the subclavian vein from the postcardinal to precardinal vein, due to 
delayed formation of some of its tributaries, would result in an outward 
or lateral pull on the fold of pleural membrane at a later period than usual. 
This pull, together with the traction caused by the descent of the thoracic 
organs, would likely cause a cleft in the apex of the right lung, resulting 
in an accessory lobe. 

The cause of the azygos lobe appears to depend upon the fold of primi- 
tive pleura containing the azygos vein (azygos fold or ridge), and the 
foetal changes related to it. Before the heart has begun its descent into 
the thorax, the azygos vein (now the postcardinal vein) is situated in the 
roof of the right coelomic cavity. If the descent of the heart and the 
formation of the lung bud are normal, then the lung bud will pass caudal 
(under) the azygos ridge. With further growth, the primitive right lung, 
being lateral to the azygos fold, will bring the major azygos vein to its 
normal adult position. 

If the descent of the heart is so rapid that the lung bud does not com- 
pletely pass under the azygos ridge, then the latter will rest upon the apex 
of the lung. The continued growth of the lung bud and the pressure 
exerted by the fold (aided by the downward pull of the descending heart) 
will cause a separation of the right pulmonary apex into a medial and a 
lateral segment. 
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Again, with the normal descent of the heart, but with a retarded for- 
mation or growth of the lung bud, the impingement of the lung bud on to 
the under surface of the azygos ridge would in a like manner separate a 
process from the apex of the right lung and form an azygos pulmo- \q 
nary lobe. 4 


SUMMARY 


1. A case of an accessory lobe (azygos lobe) of the upper lobe of the 
right lung is reported. 

2. The physical signs incident to this anomaly resembled those of 
pulmonary tuberculosis. 

3. A discussion of the probable underlying embryological factors 
is given. 


I wish to thank Professors Schaeffer and Radasch for their suggestions and assistance. 
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AN IMPROVED TECHNIQUE FOR SELECTIVE PNEUMO- 
THORAX!:? 


JACOB W. CUTLER 


In producing partial collapse of a diseased lung, sooner or later it will 
be found that the diseased part is completely collapsed and the unaffected 
area only partially so. This is a natural phenomenon, taking place of its 
own accord, provided the factors necessary for its production are not too 
violently disturbed. 

The explanation usually advanced for this occurrence, commonly re- 
ferred to as selective collapse because the diseased area is the area of 
greatest collapse, is as follows: 

The tuberculous tissue, having lost most of its elasticity, is less able 
to resist the pressure of the gas and with each breath expands less and 
less, so that after a time the diseased part has appropriated to itself the 
greater part of the collapse of the entire lung, the healthy part expanding 
again almost to the chest-wall (1). Selective collapse is thus viewed as 
a passive process dependent upon the diseased tissue expanding less 
readily than the rest of the treated lung. : 

I wish to direct attention to an active factor in the production and 
maintenance of selective collapse, which one may observe while fluoros- 
coping patients undergoing selective artificial-pneumothorax treatment. 
Although the tendency of the unimpaired part of the treated lung to 
expand with each inspiratory effort has been noted by Gwerder (2), Hen- 
nell and Stivelman (3), and others, this movement has not, as far as I 
have been able to determine, been discussed as an active factor in the 
production and maintenance of selective collapse. 

If selective collapse is attained by a technique like that described 
presently, the healthy part of the treated lung can be seen under the 
fluoroscope to expand almost to the chest-wall with each deep inspiration 
and recede on expiration. The diseased part on the other hand will 


1From the Eagleville Sanatorium, Eagleville, Pennsylvania, Dr. A. J. Cohen, Medical 


Director. 
2 Presented before the Clinical Section at the twenty-sixth annual meeting of the National 


Tuberculosis Association, Memphis, Tennessee, May 7-10, 1930. 
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remain collapsed during the entire respiratory cycle. The diseased area 
is kept collapsed partly, as has been observed, by its own inelasticity and 
also by the pressure of the gas forced repeatedly toward this area by the 
expansile action of the healthy part of the treated lung (plates 3, 4.and 5). 
This motion imparted to the gas by the elastic lung tissues during respira- 
tion may be called expansile pulmonic force. 

The expansile pulmonic force, therefore, results from the expansion of 
the unaffected part of the treated lung on inspiration. By repeatedly 
compressing and forcing the imprisoned gas in the chest cavity along the 
path of least resistance, which is toward the diseased area, it acts as an 
automatic hammer, and little by little completely collapses this area and 
then keeps it collapsed indefinitely. Given enough time, the constant 
hammering of this expansile force will cause satisfactory collapse of a 
diseased area in spite of apparently obstructing adhesions, and unyielding 
cavities will slowly give way and become completely obliterated without 
subjecting the patient to the dangers and disadvantages of complete 
collapse of the entire lung (plate 6). 


TECHNIQUE 


To utilize to the utmost the expansile property of the healthy part of 
the treated lung, one must use a special technique when inducing arti- 
ficial pneumothorax. This is a modification and refinement of the usually 
accepted procedure. Thesecret of success is close attention to the quantity 
and frequency of each refill, which should be guided by the manometer and 
fluoroscope. Attention should be directed to the healthy part of the 
treated lung and the state of collapse of the diseased area ignored. 

One should aim at about 40 per cent collapse of the healthy part and 
always leave a negative intrapleural pressure, such as 0, —1 (water 
manometer), after each inflation. Such pressure readings will permit the 
healthy part to expand within one-half inch of the chest-wall on deep 
inspiration. Too great an intrapleural pressure will splint the healthy 
area too closely and prevent its expansion. On the other hand, too lowa 
pressure will permit too much expansion and may result in the lung be- 
coming adherent to the chest-wall. In either case the automatic action 
of the expansile pulmonic force will be eliminated and an important fac- 
tor in the production and maintenance of selective collapse removed. 

The only way to control the process is by frequent fluoroscopic observa- 
tions and close attention to manometer readings. It goes without saying 
that whenever possible the fluoroscopic observations and pneumothorax 
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inflations should be performed by the same individual, as one procedure 


supplements the other. 
The procedure that I follow in inducing selective collapse is as follows: 


The initial inflation may vary from 200 to 400 cc., depending upon the size of 
the chest and the ease of entrance of the gas. 
The second inflation is given three days later and should not exceed 500 cc. 


of gas. 

A third inflation, usually of about 500 cc., is given three days later. 

Thereafter one gives weekly inflations of about 500 cc., always being careful 
to leave a slightly negative pressure after each inflation. 


If the pressure at any time becomes positive after the usual amount of 
refill the amount of gas must be reduced, or, preferably, the intervals of 
refill lengthened to ten days or two weeks. The interval between refills 
and the quantity of each must be determined solely by the fluoroscopic 
and manometer observations and should be changed without hesitation 
as circumstances demand. 

Once selective collapse has been accomplished and it is merely a ques- 
tion of maintaining the lung im statu quo, 500 to 600 cc. of gas at each 
inflation at intervals of two or three weeks will usually be found to be 
sufficient. 

It usually takes about six to eight weeks to establish a satisfactory 
selective collapse with this technique. The patient should be in bed 
during the greater part of the time and is safer in an institution. 

In passing, it should be emphasized again that the above schedule is 
merely a skeleton outline, to which there are many exceptions. The car- 
dinal point in the technique is to keep the healthy part of the lung about 
40 to 50 per cent collapsed. This automatically controls the manometer 
readings and the quantity and frequency of each refill. 


ADVANTAGES OF SELECTIVE COLLAPSE 


Some of the well-known advantages of selective collapse may be briefly 
summarized as follows: 

It minimizes the respiratory disturbance, prevents circulatory distress, 
throws less work on the contralateral lung, and makes possible the induc- 
tion of bilateral pneumothorax when both lungs are diseased. 

Moreover, by utilizing the expansile action of the healthy part of the 
treated lung to the utmost, as described above, the greatest margin of 
safety is provided the diseased area during periods of unusual demand, 
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such as coughing, running or climbing of stairs. During these periods 
the gas, driven by the expansion of the healthy part toward the diseased 
area, splints the latter, so that as greater demands are made upon the 
lungs the diseased area is splinted more firmly. 

There seems to be little question that wherever possible selective 


collapse should be the procedure of choice. 


SUMMARY 


Attention is directed to an active factor in the production and mainte- 
nance of selective pneumothorax which can be observed while fluoroscop- 
ing patients undergoing artificial pneumothorax treatment. A technique 
is described, utilizing this factor, by means of which increased collapse 
is given to the diseased part of the treated lung, while the healthy part is 
permitted to function freely. 
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PLaTE 1 
Complete Collapse 


Fic. 1. Acute exudative tuberculosis of right upper and middle lobes. 
Fic. 2. Complete collapse of diseased right lung. 
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PLATE 2 
Selective Collapse 


Fic. 3. Acute exudative tuberculosis of right upper lobe. 
Fic. 4. Complete collapse of diseased right upper lobe, with almost equally complete ex- 


pansion of remainder of lung. 

Selective collapse minimizes respiratory disturbance, prevents circulatory distress, and 
throws less work on the contralateral lung. It is the ideal form of collapse and should be the 
treatment of choice whenever pneumothorax is indicated. 
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PLATE 2 
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PLATE 3 
Expansile pulmonic force as an active factor in the production and maintenance of selective collapse 
in upper-lobe tuberculosis 


Fic. 5. Fibroulcerative tuberculosis of right upper lobe. 
Fic. 6. Selective collapse established. Complete collapse of right upper lobe, and partial 


collapse of lower lobes, as observed on arrested quiet breathing. 

Fic. 7. During deep inspiration, the diseased upper lobe expands very little, if at all, while 
the normal lower lobes expand to nearly their full capacity. This free movement of the nor- 
mal part of the treated lung repeatedly drives the gas toward the diseased area, collapsing it 
and keeping it collapsed indefinitely, even during periods of unusual demand. 
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PLATE 4 
Expansile pulmonic force as an active factor in the production and maintenance of selective collapse 
in predominantly middle-lobe tuberculosis 
Fic. 8. Fibroulcerative tuberculosis of middle and lower lobes of right lung with marked 


cavitation. 

Fic. 9. Selective collapse established. Note size of cavity as compared with fig. 8. The 
healthy upper lobe is only partially collapsed. Observation on arrested quiet breathing. 

Fic. 10. During deep inspiration the diseased middle and lower lobes remain collapsed, 
while the healthy upper lobe expands freely, driving the gas toward the diseased area. 
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PLATE 5 


Expansile pulmonic force as an active factor in the production and maintenance of selective collapse 
in lower-lobe tuberculosis 


Fic. 11. Acute exudative tuberculosis with consolidation of right lower lobe, 


Fic. 12. Selective collapse established. The diseased area in the lower lobe is collapsed, 
while the remainder of the lung is only partially so. ‘The arrow points to the upper limit of 
the healthy portion on arrested quiet breathing. 

Fic. 13. On deep inspiration the consolidated diseased area remains collapsed as before, but 
the healthy portion of the treated lung expands freely. 
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PLATE 6 
Evolution of selective pneumothorax. (All illustrations after deep inspiration.) 

Fic. 14. Fibroulcerative tuberculosis of right upper lobe with cavitation, before induction 
of artificial pneumothorax. 

Fic. 15. After first inflation (June 18, 1928) of 300 cc. of gas. Note line of collapse along 
upper lobe. 

Fic.16. After second inflation (June 21, 1928) of 500cc. of gas. There is already evident 
a tendency to selective collapse of the right upper lobe. 

Fic. 17. One month later (July 17, 1928). The upper lobe is yielding very slowly to 
artificial pneumothorax. 

Fic. 18. Two months later (August 14, 1928). The cavity in the upper lobe is yielding very 
slowly to compression because of its rigid wall. A small collection of gas can be seen between 
the upper lobe and the mediastinum. The air in the right pleura is under positive pressure 
and the lower lobe consequently fails to expand freely on deep inspiration, eliminating the ex- 
pansile force of the lower lobe as an active factor in driving the gas toward the diseased areas. 

Fic. 19. Six months later (December 21, 1928). Cavity in upper lobe smaller with entire 
upper lobe considerably collapsed. The middle and lower lobes expand almost to their full 
capacity on deep inspiration, each time driving the imprisoned air toward the cavity and forc- 
ing its slow but sure collapse. 
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PLATE 6—Concluded 
Fic. 20. Ten months later (April 18, 1929). The cavity in the upper lobe is greatly re- 
duced in size, but can still be plainly seen near the sternal end of the clavicle. The lower and 


middle lobes expand freely with each deep inspiration. 
Fic. 21. Twelve months later (June 27, 1929). The cavity is now completely obliterated 
and the diseased upper lobe firmly splinted. The healthy middle and lower lobes function 


freely. 


At the present time this patient is self-supporting and is free from all symptoms with the 
exception of slight morning expectoration free of tubercle bacilli. He reports every two weeks 
for “gas” and receives 600 cc. at each visit. 
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6—Concluded 
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ELECTROCARDIOGRAPHIC AND ROENTGENOGRAPHIC 
STUDIES OF THE HEART IN TUBERCULOSIS! 


FRANCES W. KING anp OLGA S. HANSEN 


The number of patients undergoing operative procedures at Glen Lake 
Sanatorium for advanced pulmonary disease is increasing year by year. 
In an effort to determine the effects of thoracoplasty on the circulation, 
electrocardiograms have been taken before and after every thoracoplasty, 
as well as every pneumothorax and phrenicotomy performed at the Glen 
Lake Sanatorium since April, 1928. 

Age, sex, height and weight, blood-pressure, occupation, stage of dis- 
ease, unilateral or bilateral pulmonary tuberculosis, history of heart dis- 
ease previous to the tuberculous infection and complication, were all 
taken into consideration. 

The first tracings were taken on a group of patients with pulmonary 
collapse of long standing due to artificial pneumothorax, thoracoplasty 
and phrenicotomy. 

The electrocardiograms on this group of patients following collapse 
therapy revealed that a high percentage showed low voltage in one or 
more leads, the amplitude of the ventricular complex measuring not more 
than 5mm. 

The question arose as to whether this frequency of low voltage was 
due to the collapse therapy itself; a high incidence of the constitutionally 
asthenic heart; a decrease in heart size associated with tuberculosis as 
postulated by Pottenger (1) some years ago; to the toxic effects of the 
disease upon the myocardium; to a shift in cardiac position due to pul- 
monary disease processes; or to the indirect effects of poor nutrition and 
physical inactivity. Except for the observation of Simon and Baum 
(5) on the frequency of small complexes in leads 1 and 3 no series could 
be found of electrocardiograms in tuberculosis with adequate data for 
comparison with these cases of collapse therapy. To determine condi- 
tions in uncomplicated tuberculosis, electrocardiograms and roentgen- 
ograms were taken on 100 cases of pulmonary tuberculosis without 


1 From the Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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collapse therapy. Tracings and plates were obtained on patients in 
residence who had been admitted within the past six months. Those 
cases were omitted in which the heart shadow could not be measured on 
account of pathological processes. All plates were taken with the 
patient in the standing position during deep inspiration. 

Rather than attempt the methods of mathematical accuracy in the 
determination of the heart size according to Bardeen (2), Hodges and 
Eyster (3), Hirsch and Shapiro (4), and.others, it was decided to use 
the simplest method possible in order to express in a figure the informa- 
tion obtained on ordinary clinical observation as to the relationship 
between the heart and the chest cavity. 

In order to obtain the cardiothoracic index the transverse diameters of 
the heart and of the thoracic cavity were measured in six-foot plates. 
The transverse cardiac diameter (T. D.) was obtained by measuring from 
the midsternal line to the right outer border of the heart shadow (M. R.); 
and from the midsternal line to the left outer border of the shadow (M. 
L.); and adding the two measurements. The thoracic cavity was 
measured from parietal pleura to parietal pleura at its widest diameter, 
which was usually within 1 cm. of the shadow of the dome of the dia- 
phragm. 

In many instances, owing to the presence of disease processes and 
adhesions, it was difficult to determine the exact border of the cardiac 
shadow as it was frequently distorted. This made the measurements 
of these shadows less reliable than those on normal chest plates would be. 

First, comparisons of the transverse cardiac diameters of this series 
were made with those of a series of normal chests reported in the litera- 
ture. For comparative purposes the data were arranged as to sex, 
stature and maturity in the manner of Norris and Landis (6) and Groedel 
(as quoted by Green (7)). Inspection of the tables shows that for 
mature males and females, the transverse cardiac diameter of the tubercu- 
lous series falls below that of the nontuberculous. Immature tubercu- 
lous individuals also have a smaller transverse diameter than the non- 
tuberculous, except in one small group (age 16-20, height 150-162.5 cm.) 
in which the transverse diameter of the tuberculous appears to be greater 
than that of the normal. The fact that this group is so small suggests 
that this finding is inaccurate. 

However it is possible that the stature and constitution of the average 
residents of this community differ somewhat from the average in the 
communities where the tables quoted have been made, but no figures are 
available for comparison. 
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TABLE 1 
Heart measurements in males according to different observers 


IMMATURE MALES 


MATURE MALES 


Groedel 


Glen Lake 


Norris and 
Landis 


Groedel 


Glen Lake 


MR| ML | TD 


MR| ML | TD crt 


MR|ML| TD 


MR| ML | TD 


MR | ML | TD 


Ht. 155-164 
cm. 


Ht. 150-162.5 
cm. 


Ht. 155-164 
cm. 


Ht. 155-164 
cm, 


Ht. 150-162.5 
cm. 


Minimum 
Average 
Maximum 


Minimum 
Average 
Maximum 


Minimum 
Average 
Maximum 


3 
4 
5 


617.2111.2 
Al7.9|12.3 
.2\8.3|13.5 


3.0/11.0)14.0} 47 


4.1 


8.712.814. 


7.4/12.1 
8.7/13.0 


9.5)14.1 


4.0) 7.5 |11.5)45 


Ht. 165-174 
cm. 


Ht. 162.5-172.5 
cm. 


Ht. 165-174 
cm. 


t. 165-174 
cm. 


3. 
4. 
4 


7.0 
7.9 
718.5 


11.6 
12.1 
12.5 


3.5 


41 


.2/8.8)13.0 


7.2 
8.7 
10.2 


6 
H 


11.413. 
13.0|3. 
14.6)5. 


6.25 
7.4 |10.3 
8.75|10.0 


10.0 


Ht. 175-185 
cm. 


Ht. 172.5-185 
cm. 


175-187 
cm. 


t. 175-185 
cm, 


Ht. 172.8-185 
cm. 


4 
4 
4 


.0 
.0 


8.0 
8.0 
8.0 


41 
43 
45 


49.1 


7.3 
8.5 
9.0 


12.0 
13.2 
13.6 


9.2 
11.6 


5.0 
7.9 
0.5 |14.2 


10. 


TABLE 2 
Heart measurements in females according to different observers 


IMMATURE FEMALES 


MATURE FEMALES 


Groedel 


Glen Lake 


Norris and 
Landis 


Groedel 


Glen Lake 


MR| ML | TD 


MR | ML | TD | CTI 


MR|ML| TD TD 


MR |ML| TD | 


Ht. 155-164 


Ht. 150-162.5 
cm. 


Ht. 


155-164 
cm. 


Ht. 150-162.5 
cm. 


Minimum 
Average 
Maximum 


Minimum 
Average 
Maximum 


Minimum 
Average 
Maximum 


8.0 | 8.0 
6.6 |10.0 


8.75}12.0 


11. 


913.8 
5.0 


6.4/10. 
8.0)11. 
9.5/14.3 


29.0 
10.4/41.3 
13 .0|47.7 


410.0 7.2 
8/3.4 
4.5 


Ht. 162.5-172. 
cm. 


Ht. 


165-17 


Ht. 162.5-172.5 
cm. 


6.5 |10.0 
6.6 {10.5 


6.5 |11.7 


37.0 
44.9 
49.5 


(6.2) 9.2 
.08/7 .4)11.4 


9.0)13.5 


Ht. 172.5-185 
cm. 


Ht. 172.5-185 
cm. 


s. 10.0|44.0 
7 \6.2|10.2141.7 
10.2/43.4 
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This small transverse cardiac diameter could represent either a shift in 
the position, a “drop heart,” or a relatively small heart in the tuberculous. 


WEIGHT OF THE HEART IN TUBERCULOSIS 


The hearts of 100 cases of pulmonary tuberculosis without hypertension 
or heart disease coming to autopsy at the Glen Lake Sanatorium were 
weighed and grouped according to age and sex. These figures were then 


TABLE 3 
Comparison of heart weights compiled by different observers 
Males 


BELL AND HARTZEL BOYD GLEN LAKE 


. Combined Combined Number of Weight 
Age Weight average average cases 1-19 yr. 300 


31-40 325: 
41-50 342.7 346.8 
51-60 328 Over 50 

61-70 | 351 350.5 


21-30 | 314 318.8 303 305.9 


Average 333.6 326.5 318.9 
Adult 


ales 


Combined Combined Number of 


Age below 20 Weight average average cases 3 


268 268.4 21-40, 50 


31-40 277 
41-50 295 6 


21-30 259 


286 298.2 | Over 50,5 


51-60 281 
61-70 291 


Average 263 279.4 
Adult 


compared with those coliected by Bell and Hartzell (8) and by Boyd (9) 
on hearts studied at autopsy in which hypertension and heart disease had 
been absent during life. 

Examination of the tables shows that, with the exception of one small 
group of 7 cases, the weight of the heart in the tuberculous patient coming 
to autopsy fell distinctly below that of the nontuberculous. The differ- 
ence is particularly striking between the largest group of 50 women 
between the ages of 21-40 for which the average heart weight is 197 gm., 


i 
7 
SMITH 
| 294 
Femi 
Weight 
176.6 
194.1 
242.3 
223.6 
220 250 
i 


314 FRANCES W. KING AND OLGA S. HANSEN 


as compared with 267 gm. in a similar age and sex group. However 
Smith (10), who has recently made a survey of all the important investi- 
gations of heart weight, and has studied 1000 hearts obtained at autopsy, 
believes that there is a definite correlation between the weight of the 
heart and the weight of the body, and that the heart weight does not 
increase with age except as the body weight increases. He finds the 
average adult male heart to weigh 294 gm. and the female heart to weigh 
250 gm. 

According to these figures the tuberculous male adult in our series has a 
heart heavier than the average normal (318 gm.) and the female lighter 
than normal (220 gm.). 

Variability in method and technique may account for this lack of 
agreement between the different observers. Taking all groups into 
account it appears that the heart in tuberculous patients is smaller than 
that among the nontuberculous. It would be of interest to determine 
the ratio of the heart weight to the body weight in this series, and to 
check these figures against the predicted weight according to the various 
authors reviewed by Smith. 


CARDIOTHORACIC INDEX AS RELATED TO LOW VOLTAGE 


Three general types of heart outline were recognized, according to the 
relationship of the heart width to the chest width. A cardiothoracic 
ratio below 40 per cent was considered to indicate the asthenic type, be- 
tween 40 and 50 per cent the sthenic or normal, and above 50 per cent 
the hypersthenic or hypertrophied heart. 

In a group of 100 chest plates of normal nontuberculous employees 
measured by Dr. H. W. Maly (not published), 21 were found to show a 
cardiothoracic index of below 40. In 76 this lay between 40 and 50, and 
in 3 above 50. 

In the series of 100 tuberculous patients studied, 32 fell below 40 per 
cent in cardiothoracic ratio, 63 lay between 40 and 50 per cent, and 5 
were above 50 per cent. 


Cardiothoracic index in tuberculous and nontuberculous 


c NORMAL TUBERCULOUS 


C.T.I. below 40% (Asthenic) 21 32% 
C.T.I. between 40-50% (Sthenic) 76 63% 
C.T.I. above 50% Hypersthenic 3 5% 
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Study of the electrocardiograms showed that 63 of the 100 tuberculous 
patients had a low amplitude of the QRS complex in one or more leads. 
Low voltage in lead 1 alone was found in 57 per cent of the asthenic 
group, in 38 per cent of the sthenic, and in 5 per cent of the hypersthenic. 
When a combination of low voltage in leads 1 and 3 was included the 
number of asthenic hearts associated with low voltage was found to be 
45 per cent, of sthenic 45 per cent, and of hypersthenic 10 per cent. Low 
voltage in lead 3 alone occurred in only 19 per cent of the asthenic 
group and in 10 per cent of the hypersthenic, but in 71 per cent of 
the normal. 


TABLE 4 
The electrocardiogram as related to cardiothoracic index in 100 tuberculous patients 


CARDIOTHORACIC INDEX 


LOW VOLTAGE Under 40 percent | 40-50 per cent Over 50 per cent 


Number | Per cent | Number | Per cent | Number | Per cent | Number | Per cent 


33 12 57 8 38 1 5 
Din tskevdxtdexaxkas 31 49 6 19 22 71 3 10 
11 18 5 45 5 45 1 10 

errr 100 23 36.5 35 55.5 5 8 


Asking the question from the other angle, as to how many of each type 
of heart showed low amplitude of the QRS complex, it is found that 37 
per cent of the asthenic type show low voltage in lead 1 alone, 13 per cent 
in the normal group, and 20 per cent in the l.ypersthenic group. This 
latter consists of only 5 cases, however, and percentages based on these 
can hardly be convincing. Ifacombination of lead 1 and 3 is considered, 
a low voltage is found in 16 per cent of the asthenic and 8 per cent of the 
sthenic. Lead 3 alone is found to bear small complexes in 19 per cent of 
the asthenic group, 35 per cent of the normal, and 60 per cent of the 
small number of the hypersthenic type. 


TABLE 5 
Cardiothoracic index as related to the electrocardiogram 


LOW VOLTAGE LOW VOLTAGE LOW VOLTAGE 
Di D3 


CARDIOTHORACIC | porary D1 anp D3 
INDEX 


VOLTAGE NORMAL 


Number | Per cent | Number | Per cent | Number | Per cent | Number | Per cent 


Under 40% 32 12 37 6 19 5 16 9 28 
40-50% 63 8 13 22 35 5 8 28 44 
Over 50% 5 1 20 3 60 1 20 0 0 


21 31 31 11 37 37 


21 
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It is of interest to note that in no case was there a small amplitude of 
the QRS wave in all leads. There was a relatively high incidence of 
low amplitude in lead 1 among the asthenic hearts (57 to 38 per cent 
in the sthenic group) and in lead 3 in the normal group 71 per cent. 
Approaching it from the cardiothoracic index the same general relation- 
ship is found, for 37 per cent of the asthenic type are associated with low 
voltage in lead 1, and 35 per cent of the normal group show a low voltage 
in lead 3. The rule is not rigid by any means, for 19 per cent of the 
asthenic hearts have a low amplitude in lead 3 alone. 

A series of 76 normal electrocardiograms of patients without heart 
disease, hypertension or tuberculosis, chosen from the files of a private 
clinic, showed that a QRS voltage of 5 mm. or less occurred in lead 1 six 
times (8 per cent); in lead 3 twenty nine times (38 per cent), and in both 
leads only once. This shows small lead 1 to be present much more 
frequently in the tuberculous than in the nontuberculous, and small lead 
3 less frequently. However, this series of nontuberculous individuals 
represents an older age-group than those found in the sanatorium, 34 
out of 76 (45 per cent) being past fifty. 


LOW LOW LOW 


CASES VOLTAGE VOLTAGE VOLTAGE NORMAL 
Di D3 Di-3 


27% 12% 40% 
38% (29) | 1% (1) | 53% (40) 


Sanatorium patients.............. 100 21% 
Nontuberculous patients.......... 8% (6) 


DISPLACEMENT OF THE HEART 


Roentgen-ray studies indicated that the heart shadow was displaced by 
tuberculous processes in a considerable number of cases. Lincoln and 
Spillman’s rule for normal children, that approximately one-third of the 
heart shadow should lie to the right of the midline and two-thirds to the 
left, was used as a basis. According to this standard the heart was in a 
normal position in only 43 per cent of the tuberculous patients, and 
displaced to the right in 37 per cent and to the left in 20 per cent. 


Study of electrocardiograms in the cases with displacement of the heart 
shadow yields insignificant results. The incidence of low voltage in the 
first and third leads is practically the same in the right-sided heart and 
the normally placed heart. Low voltage in lead 1 occurs in the right- 
sided heart in 21 per cent of the cases and in 28 per cent of the normal. 
Low voltage in lead 3 is found in 30 per cent of the right-sided displace- 
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ments and in 21 per cent of the normally placed hearts. On the other 
hand, a low voltage in lead 1 occurs in only 5 per cent of the patients with 
a left-sided displacement, and a low voltage in lead 3 in 35 per cent, which 
is only slightly less than in the right-sided displacement. The infrequent 
occurrence of low voltage in lead 1 in the presence of left heart displace- 
ment is the only point worthy of note in these figures. 


TABLE 6 
The electrocardiogram as related to heart displacement (100 cases of tuberculosis) 


HEART DISPLACEMENT BY X-RAY 
TOTAL CASES 


VOLTAGE Normal Right Left 
Num-| Per |Num-| Per |Num-| Per |Num-| Per 
ber | cent | ber | cent | ber | cent | ber | cent 
Low Voltage D1 and D3............... 12} 12 4 9 5 | 13.5) 3] 15 
Noritial 40} 40; 18| 42] 13 ]| 35 9} 45 
100 | 100 | 43 | 100} 371100); 100 


BODY-WEIGHT AS RELATED TO VOLTAGE 


The amplitude of the QRS complex is to a certain extent an index of 
the nutrition of the heart muscle. Is there a relationship between the 
state of body nutrition and the voltage? With this question in mind the 
weights of the 100 tuberculous patients were compared with standard 
weight tables (Association of Life Insurance Directors and Actuarial 
Society of America, New York, 1913) according to age and height. It 
was found that 74 per cent of this group fell below the ideal weight, all 
but four of them by more than 10 pounds. Thirteen per cent measured 
up to the ideal and 13 per cent were overweight. 

The underweight group showed a much higher percentage of low 
voltage in both lead 1 (85 per cent) and lead 3 (66 per cent) than either 
the normal or overweight. 

It is interesting to note that in none of the 100 control cases was a 
voltage below 5 mm. found in all leads, particularly so in view of its 
fairly high incidence in cases of known myocardial disease, and its 
seriousness in prognosis according to certain authors. (Sprague and 
White (12), Hepburn and Jamieson (13).) Had 7 mm. been takenasthe 
minimum of normal, according to Pardee (14), or 8 mm., as suggested 
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by Burnett and Piltz (15), who found low voltage by this standard in 
48 per cent of 71 tuberculous patients, the conclusions might have been 
more striking. 


TABLE 7 


Body weight and the electrocardiograms (100 cases of tuberculosis) 


TOTAL CASES 


LOW VOLTAGE 


D3 


Di and D3 


NORMAL 
VOLTAGE 


Pounds 
Over- 


Weight 


+ 25 


and more 


+ 5 


Over Weight 


1 (4.8%) 


1 


2 
3 


6 (22%) 


Ideal Weight 2 (9.6%) 3 (11%) 
1 

40 
— 15 2 
— 20 1 
— 95 10 


and more 


Under Weight 18 (85.7%) | 18 (66%) 


21 27 


CONCLUSIONS 


1. Studies of electrocardiograms and X-ray plates have been made 
on 100 unselected cases of tuberculosis at Glen Lake Sanatorium, as a 
foundation for a later study of pulmonary collapse. 

2. The diameter of the heart was found to be lower in this series than 
in normal individuals, as reported by Groedel and by Norris and Landis. 

3. The average weight of the heart in this series is on the whole lower 
than in the nontuberculous, as recorded by various observers. 

4, Nearly one-third of this group had a cardiothoracic index below 40 
per cent, as compared with one-fifth (21 per cent) in the normal. 

5. Low voltage of the QRS complex in one or more leads occurred 60 
times in the series. Of these 60 cases, 21 per cent were found in lead 1, 
27 per cent in lead 3, and 12 per cent in leads 1 and 2, as compared with 
8 per cent, 38 per cent and 1 per cent in the nontuberculous. 
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THE INFLUENCE OF PULMONARY COLLAPSE ON THE 
ELECTROCARDIOGRAM! 


OLGA S. HANSEN anp FRANCES W. KING 


In view of the occasional deaths, apparently due to circulatory failure 
occurring after pulmonary collapse, as noted in a previous paper by King 
and Hansen, electrocardiographic studies have been made at Glen Lake 
Sanatorium since April, 1928, on all patients prior to and between the 
stages of collapse procedures. 

It was hoped that a study of this series of cases might make possible: 


(1) The detection of existing circulatory weakness which might add to the 
danger of collapse therapy, particularly thoracoplasty. 

(2) The discovery of circulatory or myocardial disease developing in the course 
of prolonged collapse procedures. 

(3) The cause and significance of the electrocardiographic changes found in 
the course of prolonged or repeated collapse. 


Burnett and Piltz (6), in 48 per cent of a series of tuberculous patients, 
found a low QRS amplitude, assuming 8 mm. or above in all leads to be 
normal, and suggested this as possible evidence of myocardial intoxica- 
tion. Other writers have not been willing to consider the voltage 
abnormally low unless the QRS amplitude was 5 mm. or less in all leads 
(Lewis (2), Pardee (7), Sprague and White (8)). The latter authors, 
as well as Hepburn and Jamieson (9), have considered this a sign of 
prognostic seriousness, while Willius (10) considers low voltage alone to 
be unimportant while admitting that transition from normal to low might 
be significant. Except for Burnett and Piltz (6) with 71 cases of tuber- 
culosis and Simon and Baum (11) with 250, no observations have been 
reported on the electrocardiogram in tuberculosis uncomplicated by 
pulmonary collapse. Of the 100 unselected tuberculosis cases reported 
in a previous paper (King and Hansen) 12 per cent were found to have a 
QRS amplitude of 5 mm. or less in all leads. 

Dubrow’s study (1) of dogs after thoracoplasty indicated degenerative 
changes in the myocardium and showed electrocardiographic evidence of 


1 From the Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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altered function. However Lewis (2), Hermann and Wilson (3), and 
others believe that displacement of the heart by pneumothorax influences 
the form of the electrocardiogram very little. In 1914 Egan (4) reported 
slight but consistent changes after thoracoplasty and Master found a 
tendency to low QRS voltage, abnormal T waves and right-axis deviation 
in a series of 7 cases, in two of which normal complexes returned after 
the pneumothorax had disappeared. 

Experimental work by Meek and Wilson (12) showed that displacement 
of the heart to one side or the other did not necessarily change the elec- 
trical axis as shown by electrocardiograms, but that lateral displacement 
combined with rotation gave tracings approximating those of left or right 
preponderance. 

The presence of adhesions of the pleura and mediastinum in tuberculous 
patients influences greatly the extent and direction of the heart displace- 
ment after collapse and probably accounts for the lack of constancy in 
the changes in axis deviation noted in the series of collapse cases. Hubert 
Mann, quoted by Simon and Baum (11), believes that no picture of 
ventricular predominance is to be expected after pneumothorax collapse 
unless there are pleural or pericardial adhesions in the front or back. 

Electrocardiograms were taken on 66 patients both before and after 
collapse therapy, at time intervals varying from one week to six months. 
In 7 cases thoracoplasty had been preceded by pneumothorax or 
phrenicotomy, making a total of 73 studies showing the effects of collapse 
therapy on the eléctrocardiogram. Grouping was made according to the 
type and location of the collapse procedure. Pneumothorax was per- 
formed on the right side in 8 cases and on the left in 12; phrenicotomy on 
the right 11 times, and on the left 8 times; and thoracoplasty, right 14 
times, left 20 times. 

The electrocardiograms were studied as a whole and then the com- 
ponent parts analyzed and studied with the hope of finding some pattern 
of changes that might be expected in a given lesion or a given procedure. 


RHYTHM AND RATE 


No abnormalities in rhythm were found and 39 per cent showed no 
change in recorded rate, while 31 per cent showed an increase and 28 
per cent a decrease. This variation seemed to be neither more nor less 
frequent or marked than would be expected in any group of similar 
patients under the strain of exercise or excitement involved in a diagnostic 
procedure. 


OLGA S. HANSEN AND. FRANCES W. KING : 


THE P WAVE AND PR INTERVAL (SEE TABLE 1) 


No change in the height of the auricular wave in any lead was observed 
in 24 cases, 33 per cent of the 73 studied. In lead 1, no change occurred 
in 69 per cent, an increase in 15 per cent, and a decrease in 15 per cent. 
In lead 2, 62 per cent remained unaffected, 14 per cent were increased 
and 23 per cent decreased. In the third lead, 53 per cent were unchanged, 
18 per cent increased and 27 per cent decreased. Not infrequently, the 
P wave remained unchanged although other waves were modified, but in 


TABLE 1 
Changes in P wave amplitude after collapse therapy 


RIGHT LEFT RIGHT LEFT RIGHT LEFT 
PNEUMO- PNEUMO- PHRENIC PHRENIC THORACO- | THORACO- TOTAL 
Pr THORAX THORAX EXAIRESIS | EXAIRESIS PLASTY PLASTY 
j (8) (12) (11) (8) (14) (20) 
eile] ae] é 
No change 5 62.5} 7158] 7} 64] 4150 | 12 |} 86} 15 | 75 | 50 |69 
PI Increase 0 279 37.5} 1] 7} 4] 20} 11 
Decrease 3125) 2148) 2035) 1) 712) 
Question 0 29 
No change | 4 (50 | 7|58| 6155] 3 [37.51 10] 72 | 15 | 75 | 45 
Increase 1 7 | 4{ 20} 10 |14 
“ || Decrease 3 37.5} 4/33 | 2/18) 5 {62.5} 2/14] 1] 5 | 17 |23 
No change 4 |50 6|50| 9 | 82] 3 {37.5} 4] 29 | 13 | 65 | 59 |53.5 
i P3 Increase 18) 20 41] 20} 15 |18 
Decrease 2 |25 3125; $162.8; 3} 18120 27.5 
Question 0 7] 0 


t only one case was a change noted, though very slight, when the ventricu- 

] lar complexes remained constant. 

| The PR interval was at no time found to be above the normal and 
showed a variation in only 18 per cent of the cases, being decreased in 5 
of 12 cases of left pneumothorax and in 2 of the 34 cases of thoracoplasty. 

It was increased twice in the 11 cases of right phrenic exairesis and 3 times 

in the 34 thoracoplasties. No digitalis or other medication had been 

administered. 
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SUMMARY 


After pulmonary collapse, approximately two-thirds of the cases 
showed some modification of the auricular wave, in 1 or more leads, but 
with no significant preponderance in any one lead, with only slight 
evidences of auriculoventricular conduction changes in 18 per cent. 

Intraventricular Conduction: The QRS interval was in no case pro- 
longed beyond the normal, 0.10 seconds, nor was there any suggestion of 
aberration in the contours of the waves. In the 73 comparative studies 
the QRS interval was increased from 0.06 to 0.08 seconds twice and 
decreased from 0.06 to 0.04 seconds once. 

Amplitude of Ventricular Complexes: When tracings before and after 
collapse were compared, variations in the amplitude of the QRS waves in 
one or more leads were found in all but three (4 per cent) of the cases. 


R WAVE—LEAD 1 (SEE TABLE 2) 


The height of the R wave in lead 1 was unchanged in 40 per cent of 
the cases, increased in 37 per cent and decreased in 23 per cent. In- 
crease occurred in none after right pneumothorax, but in 50 per cent 
after left pneumothorax; in 18 per cent after right phrenicotomy and in 


75 per cent after left phrenicotomy; in 50 per cent after right thoraco- 
plasty and in 30 per cent after left thoracoplasty. 

Decrease of R wave amplitude occurred in lead 1 in 75 per cent of the 
cases after right and 9 per cent after left pneumothorax; in 36 per cent 
of the cases after right phrenicotomy and 12.5 per cent after left; in none 
after right thoracoplasty and 25 per cent after left. 


R WAVE—LEAD 2 (SEE TABLE 2) 


Lead 2 showed no change in amplitude of the R wave in 52 per cent of 
the cases, an increase in 22 per cent and a decrease in 25 per cent. 

After right pneumothorax, 25 per cent showed an increase and 25 per 
cent a decrease, and after left pneumothorax 50 per cent showed an 
increase and 8.5 per cent a decrease. 

Right-sided phrenicotomy was followed by an increased amplitude in 
27 per cent and a decreased amplitude in 18 per cent of the cases. Left- 
sided phrenicotomy was followed by a decrease in 37.5 per cent of the 
cases. 

Thoracoplasty on the right side showed an increased R wave amplitude 
in 29 per cent of the cases, and on the left side an increase occurred in 
5 per cent of the cases and a decrease in 50 per cent. 
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R WAVE—LEAD 3 (SEE TABLE 2) 


In right-sided pneumothorax 37.5 per cent showed an increase of R 3 
and the same number a decrease. After left-sided pneumothorax an 
increase occurred in 58 per cent and a decrease in 25 per cent of the 
cases. 

Phrenicotomy on the right side was followed by an increase in 73 per 
cent of the tracings studied and onthe left side by an increase in 12.5 per 
cent of the cases and a decrease in 50 per cent. 


TABLE 2 
Changes in R wave amplitude after collapse therapy 


LEFT RIGHT LEFT RIGHT 
PNEUMO- | PHRENIC | PHRENIC | THORACO- 
THORAX | EXAIRESIS | EXAIRESIS| PLASTY 

(12) (11) (8) (14) 


Per cent 


No change 
Increase 
Decrease 
Question 


No change 
Increase 
Decrease 
Question 


No change 
Increase 
Decrease 
Question 


After right-sided thoracoplasty, 21 per cent showed an increase and 
43 per cent a decrease of the R wave amplitude, and after the left-sided 
procedure an increase was found in 15 per cent and a decrease in 65 per 


cent of the studies. 


S WAVE AMPLITUDE (SEE TABLE 3) 


The amplitude of the S wave was found to be unchanged in the first 
lead in 55 per cent of the 73 cases, increased in 19 per cent, and decreased 


in 26 per cent. 
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In the second lead the S wave was unchanged in 63 per cent, increased 
in 10 per cent, and decreased in 26 per cent of the total. In the third 
lead no change was found in 60 per cent, an increase in 22 per cent anda 
decrease in 18 per cent. 


S WAVE—LEAD 1 (SEE TABLE 3) 


Of the 8 patients with right pneumothorax, only 12.5 per cent showed 
an increase and 25 per cent a decrease of the S wave, while with left 


TABLE 3 
Changes in S wave amplitude after collapse therapy 


RIGHT LEFT RIGHT LEFT 
PNEUMO- PNEUMO- PHRENIC PHRENIC 
THORAX EXAIRESIS | EXAIRESIS 
12 8 


(11) 


No change 
Increase 
Decrease 
Question 


MN | Number 
| Number 


No change 
Increase 
Decrease 
Question 


No change 
Increase 
Decrease 
Question 


pneumothorax (12 cases) 8 per cent showed an increase and 50 per cent a 
decrease. After phrenicotomy on the right an increase in S wave ampli- 
tude occurred in 48 per cent and a decrease in 18 per cent while on the 
left there was no example of increase, and a decrease in 50 per cent of the 
8 cases. 

Thoracoplasty on the right side was followed by an increased S wave in 
14 per cent of the patients and a decrease in 22 per cent, while thoraco- 
plasty on the left side showed an increase in the S wave in 25 per cent 
and a decrease in 10 per cent of the tracings. 
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S WAVE—LEAD 2 (SEE TABLE 3) 


The S wave in lead 2 was increased once and decreased once in the 8 
cases of right pneumothorax (12.5 per cent), and increased and decreased 
each once (8 per cent) in the 12 cases of left pneumothorax. 

In phrenicotomy on the right side a decrease was found in 9 per cent 
of the 7 tracings and on the left a decrease in 62.5 per cent of the 8 
tracings. 

After thoracoplasty on the right, the S wave was increased in height 
in 14 per cent, and decreased in 36 per cent of the cases studied, while in 
the left-sided cases an increase was found in 15 per cent and a decrease in 
30 per cent of the 20 cases. 


S WAVE—LEAD 3 (SEE TABLE 3) 


Pneumothorax patients showed an increase in the S wave in the third 
derivation in 12.5 per cent and a decrease in 37.5 per cent on the right, 
and an increase in 33 per cent and a decrease in 9 per cent of those with 
the left side involved. 

After right phrenic exairesis there was an increase in height in 18 per 
cent and a decrease in 9 per cent of the cases, and after left phrenicotomy 
the S wave was increased in 25 per cent and decreased in 12.5 per cent of 
the tracings. 

The S wave amplitude showed an increase in 21.5 per cent and a 
decrease in the same number after right thoracoplasty (14 cases), and 
20 per cent of those studied after left thoracoplasty showed an increase 
and the same number a decrease. 


QRS AMPLITUDE 


Lead 1 showed no change in the total amplitude of the QRS in 42 per 
cent of the cases, lead 2 in 51 per cent, and lead 3 in 37 per cent. 

QRS Amplitude in Lead 1: (See table 4). Comparative studies of the 
collapse procedures revealed in right pneumothorax no example of 
increase, but 75 per cent of decrease, and in left pneumothorax 33 per 
cent increase and 17 per cent decrease. After right phrenic exairesis an 
increase was found three times (28 per cent) and a decrease four times 
(36 per cent), while the left-sided cases showed five (62.5 per cent) with an 
increase and one (12.5 per cent) with a decrease. Right thoracoplasty 
showed an increase in 36 per cent and left in 35 per cent. A decrease 
appeared in 7 and 20 per cent respectively. 
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QRS Amplitude in Lead 2: (See table 4.) Increase and decrease of 
the QRS amplitude in lead 2 occurred an equal number of times (25 
per cent) after right-sided pneumothorax, while left pneumothorax. 
showed 50 per cent to have a greater voltage and 8.5 per cent a lesser. 

Of the examples of phrenic exairesis, an increase was found in 27 per 
cent and a decrease in 18 per cent of those done on the right side, but no 
increase and 50 per cent decrease of those on the left. 


TABLE 4 
Changes in QRS amplitude after collapse therapy 


LEFT RIGHT LEFT RIGHT LEFT 
PNEUMO- | PHRENIC PHRENIC THORACO- THORACO- 
THORAX |EXAIRESIS | EXAIRESIS PLASTY PLASTY 

(12) (11) 8) (14) 


No change 

QRS1 Increase 
Voltage || Decrease 

Question 


Iw © | Per cent 
| Per cent 
| Per cent 


wn 


No change 

QRS2 Increase 
Voltage || Decrease 

Question 


m bo 


No change 

QRS3 Increase 
Voltage || Decrease 

Question 


Thoracoplasty, right-sided, was followed by a larger QRS in 29 per 
cent of the cases and a smaller in 14 percent. Left-sided collapse showed 
none with an increase and 45 per cent with a decrease. 

QRS Amplitude in Lead 3: (See table 4.) The amplitude of the QRS 
group in lead 3 was heightened in 25 per cent and lessened in 37.5 per 
cent of the patients with right pneumothorax, and heightened in 58 per 
cent after left pneumothorax and diminished in 25 per cent. 

Of the right phrenic-exairesis patients, 55 per cent showed a greater 
amplitude and 9 per cent a lesser, while the left-sided procedure was 
followed by an equal number, 37.5 per cent, with an increase and a 
decrease. 
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In the thoracoplasty group, a larger QRS occurred in 14 per cent and a 
smaller in 36 per cent when the right side was involved. An increase in 
amplitude followed the left-sided collapse in 10 per cent of the cases, anda 
decrease in 45 per cent. In no case was there a diminution of the QRS 
voltage in all derivations. 

Summary of QRS amplitude: In 96 per cent of the series, variations 
occurred in the amplitude of some portions of the QRS complex. But 
the point at which these variations occur in relation to leads or sides 
involved seems to be unpredictable and without pattern. 


T WAVE AMPLITUDE 


The height of the T wave showed no variation in lead 1 in 49.5 per cent 
of the cases, in lead 2 in 44 per cent, and in lead 3 in 42.5 per cent. Only 
8 cases (11 per cent) failed to show any change in the T wave in any lead. 

T Wave in Lead 1: (See table 5.) In the pneumothorax group there 
was an increase in 12.5 per cent with right-sided collapse and in 8 per 
cent with left-sided. A decrease occurred in 62.5 and 33 per cent respec- 
tively of the right and the left collapse cases. 

Phrenic exairesis on the right was followed by an increased T wave in 
46 per cent and a decreased T in 18 per cent of the tracings, while after 
the left-sided operation there were none increased but 62.5 per cent 
diminished. 

Thoracoplasty of the right side gave an increase once (7 per cent) and a 
decrease twice (14 per cent) in the 14 examples. In the left-sided cases 
a heightening occurred 6 times (30 per cent) and a diminution four times 
(20 per cent) in the 20 cases. 

T Wave in Lead 2: (See table5.) The T wave in lead 2 was found to be 
taller in 25 per cent and smaller in 50 per cent of the right pneumothorax 
patients and increased and diminished in an equal number, 25 per cent of 
the cases, after left pneumothorax. 

After right phrenic exairesis, a larger T wave was found in 36 per cent 
of the cases and a smaller in 28 per cent. The left-sided operation was 
followed by an increase three times (37.5 per cent) and a decrease twice 
(25 per cent). 

A heightened T wave occurred in 29 per cent and a lessened in 7 per 
cent of the patients who had been subjected to right-sided thoracoplasty, 
while 20 per cent of the left-sided cases showed an increase and 40 per cent 
a decrease. 

T Wave in Lead 3: (See table 5.) Twenty-five per cent of the right- 
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sided pneumothorax cases and 58 per cent of the left showed an increase 
in T3, while 50 per cent of the right-sided and 25 per cent of the left 
showed a decrease in the T wave amplitude. 

Phrenic exairesis was, on the right, followed by a larger T wave three 
times (27 per cent) and by a smaller twice (18 per cent) out of the 11 cases, 
while the left-sided cases showed correspondingly 12.5 and 50 per cent. 

After right-sided thoracoplasty an increased amplitude was found in 
22 per cent of the tracings and a decrease in 14 per cent. The same 


TABLE 5 
Changes in T wave amplitude after collapse therapy 


RIGHT RIGHT LEFT RIGHT 
PNEUMO- PHRENIC PHRENIC THORACO- 
THORAX EXAIRESIS | EXAIRESIS PLASTY 


(8) (11) (8 (14) 


No change 
Increase 
Decrease 
Question 


No change 
Increase 
Decrease 
Question 


S | Number 


No change 
Increase 
Decrease 
Question 


procedure on the left side showed 30 per cent of the cases to have a taller 
and 25 per cent a smaller T wave. 

Summary of T wave: In 63 of the series (86 per cent) changes in the T 
wave amplitude occurred in one or more leads. Diminution occurred in 
22, 21 and 20 per cent respectively in the successive leads, averaging 
21 per cent. Right pneumothorax and left phrenicotomy were asso- 
ciated with T wave diminution in the first lead in 62.5 per cent of the 
cases of each. The other groups indicated this type of change in a third 
or less. Right pneumothorax and left thoracoplasty showed a reduced 
T wave in lead 2 in 50 per cent and 40 per cent of the cases, and less than a 
third in the other groups. 
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INFLUENCE OF THE DIFFERENT COLLAPSE PROCEDURES (SEE TABLE 6) 


Is one type of collapse procedure more likely to produce electrocardio- 
graphic changes than another, regardless of the side involved? 


TABLE 6 
Comparison of the influence of right- and left-sided collapse on the electrocardiographic waves 


RIGHT COLLAPSE (33) LEFT COLLAPSE (40) 


4 


sl 
F No change | 24 | 73 | 20 | 61 | 17 | 52 | 26 [65 | 25 [62.5] 22 |ss 
P Wave Increase 6) 5115] 6/18] 9 [22.5) 5S 12.5) 7 
Decrease 6/18] 7| 21] 9 | 27) 5 12.5] 10 | 11 
| P Question | 1| 3] 3] 1] 3 
H No change | 14 | 43 | 20 | 61 | 10 | 30 | 15 |37.5) 18 |45 9 /22.5 
R Wave Increase 9|27| 9| 27 | 14] 43] 18/45 | 7 |17.5) 11 27.5 
Amplitude |} Decrease 10 | 30; 4/12) 7 |17.5) 14 | 20 |50 
{| Question 1 | 2.5 
No change | 18 | 55 | 23 | 70 | 20 | 61 | 22 |55 | 23 [57.5| 24 |60 
S Wave Increase 8124} 3} 6/18] 6 410 | 10 |25 
Amplitude || Decrease 7121) | 1220 6 |15 
Question 1 | 2.5 
No change | 16 | 49 | 15 | 46 | 17 | 52 | 20 [50 | 17 /42.5) 14 |35 
T Wave Increase 30] 24] 7 |17.5) 10 |25 | 14 
Amplitude Decrease 9/27) 24] 8 | 24 | 13 |32.5) 13 |32.5) 12 |30 
Question i; 
TABLE 7 


Comparison of influence of different collapse procedures on the electrocardiogram 


PNEUMOTHORAX PHRENIC EXAIRESIS THORACOPLASTY 


Ave.| Di | D2 | D3 


Di | D2 | D3 | Ave.| D1 D3 


PD estinkeasucinksecous 40 | 45 | 50 | 45 | 42 | 53 | 53 | 49 | 19 | 27 | 50 | 32 
i, Si ere 55 | 65 | 80 | 66 | 68 | 42 | 42 | 50 | 53 | 44 | 73 | 56 
PR ia veesstipaicwdan ene 50 | 20 | 45 | 38 | 57 | 31 | 31 | 37 | 35 | 47 | 41 | 41 


55 | 60 | 80 | 65 | 63 53 | 59 | 38 | 50 | 47 


P wave height: A change of P wave amplitude occurred in the pneumo- 
thorax group, regardless of side involved 8 times (40 per cent) ; in lead 1, 9 
times (45 per cent); in lead 2, 10 times (50 per cent); in lead 3 (average 
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45 per cent). After phrenic exairesis a change was found in 42, 53 and 
53 per cent (average 49 per cent) in leads 1,2 and 3. After thoracoplasty 
changes were discovered in 19, 27 and 50 per cent of cases (average 32 
per cent) in the respective leads. ‘This indicates an approximately similar 
variability of the P wave height in the first two groups and a greater 
stability in the thoracoplasty group, especially in leads 1 and 2. 

R wave height: Similarly the height of the R wave in the pneumothorax 
group underwent a change in 55, 65 and 80 per cent in the successive 
leads (average 66 per cent). After phrenic exairesis 68, 42 and 42 per 
cent (average 50 per cent) in leads 1, 2 and 3 showed a change, while the 
thoracoplasty group showed a change in the respective leads in 53, 44 and 
73 per cent (average 56 per cent). 

This indicated a tendency for the R wave to be more influenced by 
pneumothorax than by the other two procedures. 

S wave amplitude: The S wave in the pneumothorax group showed a 
change in leads 1, 2 and 3 in 50, 20 and 45 per cent (average 38 per cent); 
in the phrenicotomy group in 57, 31 and 31 per cent (average 37 per cent); 
in the thoracoplasty group in 35 per cent, about equal in their influence 
on the S wave amplitude. 

T wave amplitude: Pneumothorax was followed by changes in the T 
wave height in 55 per cent (D1), 60 per cent (D2) and 80 per cent (D3), 
averaging 65 per cent. Phrenicotomy showed 63, 63 and 53 per cent 
(average 59 per cent) to have changed in the various leads, and after 
thoracoplasty T wave changes were found in 38, 50 and 47 per cent 
according to leads, averaging 45 per cent. ‘Thoracoplasty has shown the 
least influence on the T wave (38 per cent change), and pneumothorax 
the most (59 per cent average). 


ANALYSIS ACCORDING TO THE SIDE INVOLVED (SEE TABLE 7) 


Grouping the collapse procedures according to the side involved, there 
are found to be 33 right-sided cases (pneumothorax 8, phrenicotomy 11, 
thoracoplasty 14) and 40 left (pneumothorax 12, phrenicotomy 8 and 
thoracoplasty 20). 

Changes in R wave height were shown in over half the cases, taking all 
leads into account, most frequently after pneumothorax (66 per cent) 
and thoracoplasty (56 per cent) and least often after phrenic exairesis 
(50 per cent). 

The S wave was affected with less frequency but in practically the same 
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numbers in each group (38, 37 and 41 per cent), considering all 
leads. 

Pneumothorax gave the highest percentage of T wave changes (59 per 
cent average) and thoracoplasty the least (38 per cent). 

Of the 40 left-sided collapse cases, 65 per cent showed an unchanged P 
wave in lead 1, 22.5 per cent increased and 12.5 per cent decreased. In 
lead 2, 62.5 per cent were unchanged, 12.5 per cent increased and 25 per 
cent decreased, while in lead 3 the percentages were, respectively, 55 per 
cent unchanged, 17.5 per cent increased and 27.5 per cent decreased. 

R wave amplitude: The R wave amplitude in right-sided collapse 
showed no change 14 times (43 per cent), an increase 9 times (27 per cent) 
and a decrease 10 times (30 per cent) in lead 1; in lead 2 it was unchanged 
in 20 cases (61 per cent), increased in 9 (27 per cent) and decreased in 
4 (12 per cent). 

In lead 3, 37.5 per cent were the same, 45 per cent were increased and 
17.5 per cent were decreased. 

Comparing these figures with those for left-sided collapse, an un- 
changed R wave amplitude occurred 15 times (37.5 per cent), an increased 
18 times (45 per cent), and a decreased 7 times (17.5 per cent). 

R2 remained the same in 18 cases (45 per cent), was increased in 7 
(17.5 per cent), and decreased in 14 (35 per cent). In lead 3 no change 
is found in 22.5 per cent, an increase in 27.5 per cent, and a decrease in 
50 per cent. 

S wave amplitude: Similarly, after right-sided collapse, the S wave in 
lead 1 shows no change in 18 (55 per cent) an increase in 8 (24 per cent) 
and a decrease in 7 (21 percent). S2shows respectively 23 (70 per cent), 
3 (9 per cent) and 7 (21 per cent) and S3 shows 20 (61 per cent), 6 (18 per 
cent) and 7 (21 per cent). 

In studying lead 1 of the left-sided cases, no change is found in 22 
(30 per cent), and lead 3 shows 24 (60 per cent), 10 (25 per cent) and 6 
(15 per cent). 

T wave amplitude: right and left-sided collapse: The first group 
(right) in lead 1 showed an unchanged T wave 16 times (49 per cent), an 
increased 7 times (21 per cent) and a decreased 9 times (27 per cent); 
lead 2 fifteen times unchanged (46 per cent), 10 times increased (30 per 
cent) and 8 times decreased (24 per cent); lead 3 seventeen times (52 per 
cent), 8 times (24 per cent) and 8 times (24 per cent) respectively. 

In the second group the T wave in lead 1 was the same before and 
after in 50 per cent (20) of the tracings, heightened in 17.5 per cent (7) 
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and diminished in 32.5 per cent (13); T2 showed 42.5 per cent (17), 25 
per cent (10) and 32.5 per cent (13); and T3, 35 per cent (14) and 30 per 
cent (12) respectively. 


SUMMARY OF CHANGES ACCORDING TO SIDE OF COLLAPSE 


The P wave remained unchanged in approximately the same number 
regardless of the side involved (60-65 per cent average). 

R1 was changed in over one-half of the cases of collapse regardless of 
the side involved. An increased R1 occurred almost twice as often in 
the left-sided cases as in the right. The R3 was increased more often 
in the right-sided than in the left (42 compared with 27.5 per cent). 

The changes in the T and S waves occurred with approximately equal 
frequency in the right and the left-sided cases. 


COMMENTS 


The questions arising at the beginning of this analysis again come up 
for consideration: 

1. The detection of existing circulatory disturbances in candidates for 
collapse therapy has not been successful. Electrocardiograms of the 66 
patients studied were all normal, except for a few examples of right axis 
deviation and of low QRS voltage. This includes the one patient who 
died during operation. 

2. While changes in the amplitude of the various waves occurred almost 
invariably in the course of collapse therapy, the R wave height being 
influenced in 96 per cent of the cases, in no case was there evidence of 
conduction delay or aberrance such as might be expected in case of 
myocardial damage. Postmortem studies for evidence of degenerative 
changes in the heart muscle, as suggested by Dubrow’s work, have not 
been made. 

3. The fact that in no case was there a diminution of the QRS ampli- 
tude in all leads suggests that the changes found in this, as well as in other 
waves, were due to variations in position of the heart and its electrical 
axis, rather than to a change in the heart muscle. 


CONCLUSIONS 


1. Electrocardiograms have been studied in 66 patients who have 
undergone 73 pulmonary collapse procedures (pneumothorax, phrenic 
exairesis, thoracoplasty), analyzing findings before and after collapse. 

2. These procedures are almost invariably followed by changes in 
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amplitude of the electrocardiographic waves, R wave modification 
occurring in 96 per cent of the cases, but the type and degree of variation 
is not constant or predictable, either according to the side involved or 
the procedure carried out. 

3. Evidence suggests that the changes are due to changes in heart 
position, influenced largely by pleural and mediastinal adhesions, more 
than by myocardial factors. 


CASE SUMMARIES 


Case 1: P.S.: Right-Sided Lesion: Right-sided pneumothorax was instituted 
because of cavitation and haemorrhage. The collapse was successful. There 
were adhesions at the apex. Electrocardiograms four months later showed a 
marked increase in R1 and R3 (from 6 mm. to 14 mm. and from 1 to 16 mm.) 
and a decrease of TlandT2. (See plate I.) 

Case 2: T.W.: Left-Sided Lesion: Left pneumothorax was instituted because 
of spread and cavitation. X-ray showed a partial collapse of the lower half of 
the lung, adhesions at the apex, and a displacement of the heart and aorta to the 
right. Electrocardiograms one month after beginning pneumothorax, showed 
a low voltage in lead 1. Six months later there was a striking change in the 
electrocardiograms, with a low voltage in lead 3 and a normal voltage in lead 1. 
Later there was again a decrease in lead 1, which persisted even after a left 
thoracoplasty was done. (See plate I). 

Case 3: C. P.: Right-Sided Lesion: Electrocardiogram, six days after the 
institution of right pneumothorax, showed a moderate reduction in all leads, 
especially marked in lead 3. X-ray showed a partial collapse of the lung with 
adhesions in the first and second interspaces. (See plate I.) 

Case 4: E. T.: Bilateral Involvement: Pneumothorax had been given at first 
on the left side, and then on both sides for four years. Electrocardiograms 
were first taken when there was a partial collapse of the left lung. Adhesions 
at the apex and base with a right-sided encapsulated effusion were present. 
Left-sided pneumothorax was continued and the effusion aspirated and ten 
months later a distinct decrease of R1 and increase of R3 was seen. At this 
time the first stage of a left-sided thoracoplasty was done and eleven days 
later there was a distinct change in the electrocardiogram, consisting of a 
decrease of the QRS amplitude in lead 2 and-a decrease in S1 and an increase in 
S3. Electrocardiograms three and a half months later showed that further 
changes had taken place in the QRS complex, but not to so striking a degree. 

Case 5: E. M.: Bilateral Lesion More Marked on Right Side: Spread and 
cavitation occurred in spite of pneumothorax, and a two-stage thoracoplasty 
wasdone. Electrocardiograms two weeks after the first stage showed a marked 
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reduction in the amplitude of lead 3, which remained unchanged after the 
second stage. 


The advice and material furnished by Drs. E. S. Mariette, T. J. Kinsella and H. W. Maly, 
and the statistical and secretarial work of Miss Frances Nemec are gratefully acknowledgd. 
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ADDRESS OF THE PRESIDENT! 


THE NATIONAL TUBERCULOSIS ASSOCIATION: SOME ACTIVITIES 
AND POLICIES 


LINSLY R. WILLIAMS 


presented at our annual meetings notable contributions which have 
indicated the type of work which should be undertaken by the National 
Tuberculosis Association and its affiliated associations, outlining the 
scientific reasons for making such recommendations and methods by 
which scientific knowledge could be applied to the mass of people. 

In considering the entire list of articles which have been read at the 
annual meetings of the Association for a period of twenty-six years, it 
is a striking fact that relatively few of these papers have made definite 
suggestions as to what to do and how to do it. 


The most remarkable contribution of all is published in the transac- © 


tions of the very first meeting. Extracts from this are as follows: 


One of the first steps to be initiated would seem to be the adoption of a plan of 
organization that would bring each state, by means of one or more representa- 
tives, lay and professional, in touch with the National Association. To these 
representatives would be delegated the carrying out of the anti-tuberculosis 
crusade in their respective states along the lines recommended by the National 
Association, making at the annual meeting their report of the progress 
accomplished. 

The first and greatest need is education; education of the people, and through 
them education of the state. 

These requisites are briefly, a higher standard of public hygiene and im- 
proved conditions of life for the masses; sanitary laws embodying the municipal 
control of tuberculosis as it is now understood; the segregation of the tubercu- 
lous in public institutions and prisons; the establishment of sanatoriums for 
incipient cases; hospitals for advanced and hopeless ones who cannot be cared 
for safely at their homes; especially organized dispensaries, laboratories for re- 
search, etc. 

Education should begin by teaching in the public schools the main facts 


1 Delivered at the twenty-sixth annual meeting of the National Tuberculosis Association, 
Memphis, Tennessee, May 7, 1930. 
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relating to the transmission of tuberculosis, insisting in such teachings on the 
value of hygienic measures of prevention, etc. 

The practical application of knowledge already gained as to the measures 
briefly touched upon, and which represent prevention, is one of the two great 
responsibilities of the National Association. The other is the extension and 
advancement of the study of tuberculosis in this country. 

But it is mainly to the laboratory research work that we must look for the 
solution of many of the as yet unsolved problems of tuberculosis, and for ad- 
vance in our methods of prevention and treatment. The study of different 
sources of infection; of the great variations of virulence in tubercle bacilli and 
how brought about; of the different species of the tubercle bacillus and of re- 
lated bacteria; their relation to each other and to the disease; the chemistry of 
their toxins; and, above all, the mechanism of natural immunity and the possi- 
bility of producing artificial immunity to the germ or to its toxins; the mechan- 
ism of such an artificially induced resistance—are but a few of the subjects of 
the utmost interest at present, on which the laboratory alone can throw much- 
needed light. 


This seems so modern and up-to-date in its conception that one can 
hardly realize that it is extracted from the address of Edward L. Tru- 
deau, when President of the National Association in 1905. 

In the light of our present knowledge it seems astonishing that some 
few of these recommendations were not undertaken until a very recent 
date. Dr. Trudeau indicated the various procedures which might be 
undertaken with profit but he did not go into detail on their method or 
application. 

Other papers, and in particular the address of Dr. Theobald Smith in 
1927, show how difficult it may be to apply knowledge gained in the 
laboratory for the benefit of the entire population. If we were to apply 
our existing knowledge of tuberculosis readily to the population, it is 
conceivable that tuberculosis might be eradicated, but we cannot handle 
and control human beings in the same manner as we can a guinea pig ora 
test-tube. The human being insists upon escaping from his cage, even 
though he be incarcerated for life, either because he has criminal in- 
stincts or a disordered mind or a diseased body. We canin some meas- 
ure isolate fairly successfully those individuals who are a constant men- 
ace to society. We can isolate those who are mentallyincompetent, and 
we can isolate those who constitute a definite menace because at the 
moment they harbor bacteria which are dangerous to others, but when 
we come to deal with the chronic carrier of disease it becomes more 
difficult. 
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We must consider every individual tuberculosis patient as a carrierof 
disease, and, if there were but a few thousand carriers, we might solve 
the problem, but when we realize that from 50 to 90 per cent of the popu- 
lation are carriers of tubercle bacilli, and probably 10 per cent of these 
individuals what our veterinarian friends call ‘‘spreaders,”’ we appreciate 
the impossibility of controlling the chronic carrier of disease. 

We must recognize too that, as knowledge is applied in one locality, 
it is not being applied in another. In every field of human endeavor, 
the ideal does not exist, but what is done in one place is either done less 
well or poorly or not at all in another. We must appreciate too that 
circumstances alter cases, that the sparsely settled community with a 
population of one to five per square mile, has entirely different needs 
from a community which has a population of several hundred to the 
acre. We therefore cannot advise any uniform policy for any type of 
work, whether in the field of business, public affairs or medicine. 

The Association has now adopted nearly all of the suggestions out- 
lined by Dr. Trudeau in 1905, in one way or another, and the methods of 
attack have been prepared by the creation of an activity or service in 
the Executive Office of the Association; so we may say that these activi- 
ties are interpreted by administrative policy, and it is of peculiar interest 
and importance that on various occasions special committees of the As- 
sociation have considered the type of activity being carried on and defi- 
nite changes have been made in administrative policy. 

There is another suggestion in the first paragraph of Dr. Trudeau’s 
recommendations which has not been carried out, and that is that to 
the state representatives would be delegated the carrying out of the 
antituberculosis crusade in their respective states along the lines sug- 
gested by the National Association, making at the annual meeting their 
report of the progress accomplished. It is clear that to a large extent 
the Board of Directors, the Executive Committee and the Executive 
Office define the program to be carried out, and for the last decade, 
usually after conference with representatives of the affiliated associations, 
in most instances secretaries. 

The report of progress made in the different states is another matter. 
It is not easy to prepare an annual report and it is very difficult for the 
National Association to secure the reports of progress made in the vari- 
ous states and their political subdivisions. It is as well-nigh impos- 
sible to-day for a state executive to obtain reports from the local associa- 
tions as it is for the National to obtain reports from the state associations. 
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The preparation of a program and suggesting it to a particular state 
or locality is not so simple a matter as it was probably assumed to be by 
Dr. Trudeau. It requires a great deal of study and survey by techni- 
cally trained individuals who should be employed by the executive 
office for this purpose and recommendations to be made to the state or 
locality, after taking into consideration all of the circumstances relating 
to population, methods of living, character of the people, housing, etc. 

One immediately begins to consider what type of individuals could 
possibly be engaged for this purpose who can properly make surveys, 
prepare reports, make recommendations, both written and verbal, and 
present them in a manner which will convince the local or state commit- 
tees of the accuracy of the reports and the wisdom of the recommenda- 
tions. There are few physicians who have had the necessary training 
in social research and investigation to properly make such reports, and, 
if one found a physician who knew how to make such investigations, it 
would be still more rare to find that individual endowed with all the 
knowledge, finesse and personality necessary to persuade a committee 
to adopt a specific program. 

It is evident to many of you that, as our situations differ, and as the 
type of secretary varies, the local programs will be largely developed by 
local citizens, either committee members, or the executive of the commit- 
tee. It is often a source of wonder why certain cities of similar popula- 
tion should have tuberculosis activities which vary so widely. One will 
bend its energies to medical clinics, another to the examination of chil- 
dren, a third to a nursing program, a fourth to propaganda, a fifth to 
intensive educational procedure, and a sixth to child-health education, 
and so on, ad infinitum. Is this not due perhaps to the fact that there 
are no leaders in the National Executive Office who have the specific 
piece of work laid out for them in developing programs for the state and 
local associations, and is it not also a fact that the local programs aremade 
up by an autonomous committee which comes to its decision upon the 
recommendation of the executive secretary, and that the program is de- 
veloped as a result of the previous experience and interest of the secre- 
tary? A certain phase of this program is under serious discussion in a 
special committee of the board, known asthe Future Program Committee, 
and from the discussions of this committee it is obvious that the matter is 
not as simple as it would seem. There have been valuable suggestions 
made, however,—one being that the executive office should train not 
only lay workers, but also physicians,—furnish scholarships so that they 
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should receive a thorough fundamental instruction in tuberculosis and 
public health, with the idea that successive groups of physicians would be 
thoroughly trained in a scientific, public-health and administrative view- 
point on the subject of tuberculosis, in order to fill positions in state and 
local departments of health, and also to serve on tuberculosis committees. 
On the other hand, it is recognized by some that by granting scholarships 
in this way one may train a series of men over a decade and find only one 
or two who display the qualities of leadership which are so essential in 
our work. 

Another suggestion that has been made is that we shall carry back to 
an earlier age-period our efforts at diagnosis. If we accept the theory, 
reasoning by analogy, that the majority of individuals in this country have 
been infected with tubercle bacilli at the age of fifteen, and that over 90 
per cent have become infected by the age of twenty-one, does it be- 
hoove us to keep practically the entire population under surveillance, 
and by regular annual X-ray examinations of those known to be infected, 
determine which ones have definite, manifest disease, so that they can be 
placed under proper treatment earlier? 

Two methods of carrying out this latter suggestion have been proposed 
and are being tried out in various quarters. Theoretically, we assume 
that all contacts,—every member of a household in which there is an 
individual affected with tuberculosis as a disease,—are being kept under 
continued observation, and subjected to regular examinations. It is 
also well known that in various places school-children are being subjected 
to the tuberculin test and X-ray examinations. 

In reviewing in a general way some of these administrative policies of 
the administration, we must pause to consider how far we have gone in 
carrying out our program during the last twenty-five years. Could we 
have known twenty-five years ago what we know now of the difficulties 
and the financial expenditure necessary to carry out but a fraction of our 
program, I imagine that many of us would have been aghast at the pros- 
pect and would have hesitated to plunge in so boldly and vigorously to 
carry out certain steps for the development of the administrative ma- 
chinery necessary for the control of tuberculosis. 

If we review simply the recommendations made by Dr. Trudeau, we 
see that we still have an insufficient number of beds and sanatoria and 
hospitals; dispensaries are still too few; the number of nurses insufficient; 
and doctors not sufficiently trained. In various studies which we have 
made we find that only 15 per cent of the patients admitted to sanatoria 
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are minimal cases; that over one-half of the patients who enter a sana- 
torium have been affected with definite symptoms of tuberculosis for a 
period of six months. We know that education has been extremely 
limited; that school-children are being informed somewhat through child- 
health education on various matters relating to health, but that in some 
of our larger cities no progress whatever has been made in this regard. 
We recognize that the administrative control of tuberculosis is very in- 
sufficient, that health departments do not have sufficient funds, that 
their staff is not sufficiently well paid nor well enough trained, as a rule, 
to carry on their work satisfactorily. 

With all this unfinished business before us we still go forward with 
recommendations for doing more work and pushing back the program 
further to the childhood age, but do we recognize what it will mean in the 
way of difficulty of operation and the expense involved? 

Prior to the World War informed physicians and, in particular, physi- 
cians engaged in school inspection work fully realized the extent of the 
departure from the normal of the average human body. Those who had 
followed the results of the examinations of school children knew of the 
enormous percentage of abnormalities and physical defects as well as 
diseased conditions which existed among school children. 

The examination of the draft in England and later in the United States 
and the publication of results of these examinations focused the attention 
of the public on the fact that there were relatively few so called normal 
individuals. 

The recognition of this situation resulted in a number of interesting 
activities being undertaken by both official and voluntary agencies in a 
considerable number of states, laws were enacted requiring physical 
training in the schools and the appointment of physical directors and ex- 
ercise of large muscle-groups. 

There were other suggestions of annual summer outings with setting-up 
or military exercises, a marked extension of the boy and girl scout move- 
ments and a considerable impetus given to fresh-air work or what is now 
more commonly called summer camps. 

It was only natural that leaders in the various movements for com- 
bating specific diseases should have given careful thought to the possi- 
bility of utilizing this wave of thought to bring about a more active par- 
ticipation of the people as a whole in caring for their health. It was only 
natural that the National Tuberculosis Association should have taken the 
initiative in organizing a particular activity, the Modern Health Crusade, 
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in 1917. Due credit must be given to the painstaking work of Mr. 
Charles M. DeForest of the executive office staff in planning the details 
and formulating the program of this work. There were certain novel 
features in this Health Crusade which ‘‘took” at once with the school 
teacher and the pupil in our public schools and this particular method of 
health education was pushed with great vigor for nearly adecade. There 
was, however, no dearth of critics of the method and many individuals 
pointed out that it was based on unsound pedagogical principles and J 
think occasionally by individuals who were unable to determine what a 
sound pedagogical principle was. Certain features of the Crusade were 
modified and it was finally agreed by the Executive Committee of the 
Association several years ago that this particular type of activity should 
be modified and known as Child Health Education. 

I do not want to dwell here on any phase of the Modern Health Crusade 
or on any topic relating to child-health education. On the other hand, 
the development of the Modern Health Crusade, perhaps not realized at 
the time, was a definite departure from the previous policies of the Asso- 
ciation and an exception to the original idea of Dr. Trudeau on the subject 
of education. The Modern Health Crusade definitely placed an activity 
of the National Tuberculosis Association in the field of general hygiene, 
instead of its activities being limited to tuberculosis. Child-health edu- 
cation was promoted by the Association because it was felt that anything 
which might contribute to improving the health and physical vigor of 
the children would tend to diminish the possibility of the individual child’s 
developing tuberculosis. 

I am definitely convinced that good health habits contribute to the 
health of the individual and that those habits if pursued will tend to 
diminish the likelihood of certain diseases. In many of our families 
there has been a definite habit of washing, eating and drinking regularly, 
of definite hours of sleep, brushing of the teeth and washing of the hands 
at stated intervals, and many other habits which seem as essential to us 
as do food and shelter and clothing. What can we say, however, of 
results? Do we find in families where these habits have been a matter of 
tradition over several generations that thereis less illness and less disease 
than in those less favored families who have not acquired these health 
habits? Can it be assumed that when children have been taught healthy 
habits in school and even have acquired them that they will maintain 
them through life and that their children will learn them from their par- 
ents? There are some things which are not susceptible to statistical 
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proof yet seem to be in the realm of common experience. There may be 
no proof that daily brushing of the teeth will prevent dental decay, but 
it is the common experience of those who do keep their mouths and teeth 
in a clean condition that the dental bills are less and cavities and pyor- 
rhoea less prevalent. Similarly, there maybe no statistical proof that the 
white-collared class, who have sufficient incomes to have soap, water and 
towels always at hand, have less intestinal diseases and less infections of 
the hands, yet general opinion prevails that this is a fact and people of that 
class have fewer of these infections than do the less well-informed labor- 
ing class whose opportunities for washing the hands are less common. 

There are benefits from healthy habits, but it is afar cry to assume that 
the acquisition of healthy habits will in any way limit infection from tu- 
bercle or retard the growth of tubercle within the body. We say that 
good health increases resistance. We may say that immunity is essential 
in order to prevent infection from spreading, but we do not know that 
immunity is the same as resistance and we cannot claim that healthy 
habits will definitely prevent tuberculosis or postpone the development of 
tuberculosis as a disease. There have been and perhaps still are many 
lay enthusiasts who feel that, if all children would acquire and maintain 
healthy habits, tuberculosis would disappear, but there is no scientific 
evidence upon which this assumption may be based. 

This departure from the ordinary policy of the Association, leading us 
into the realm of general hygiene, has stimulated the thought in the 
minds of many of the Board, and of the staff members of the Association 
that the National Tuberculosis Association should enlarge its work and 
endeavor to bring about a very definite affiliation or amalgamation with 
other health organizations. 

There is no question but that local associations cannot at the present 
time be organized separately for combating tuberculosis, heart disease, 
venereal disease, infant mortality, maternal mortality and so on. Nor 
can the seal sale at present support all of these activities. But in a mod- 
ern, commercialized civilization, one must recognize the force of eco- 
nomic argument and appreciate that codperation and codrdination and 
saving of overhead are essential. 

The argument has been advanced that an association, engaged in anti- 
tuberculosis activities and for the better care and prevention of heart 
disease, will bend its energies to one of these subjects rather than to 
another. This is undoubtedly true, but it would seem to be preferable 
to have this policy maintained rather than to have two independent or- 
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ganizations, frequently not codperating and occasionally their officers 
and staff not on speaking terms. 

Experience in the affairs of life, whether in government, universities, 
or business, shows the same situation arising continually. One depart- 
ment forges ahead while another lags behind. In the state, the engi- 
neering department may take precedence for several years with the con- 
struction of canals, bridges, tunnels, and roads, with huge appropriations 
and the appropriating bodies stating that they have no money for the 
health department, cleaning streets, supervising banks, etc., very natu- 
rally due to popular appeal, but also to the force of the individual at the 
head of the engineering department and his constructive leadership. 
In universities we see a Greek department forging ahead with more and 
more courses and more students, even though certain members of the 
trustees, alumni, and students gasp in wonder and ask, “Why teach 
Greek at all?’”’ Yet the dominating personality of the head of the depart- 
ment pushes his department ahead, perhaps to the detriment of chemis- 
try, where the mild-mannered, studious professor dreams of ions and ben- 
zol rings while the need of new laboratory and new material is more or 
less of an enigma to him. It is true also in business, and, without any 
desire to aid any particular organization, may I suggest that when an 
automobile company manufactures nearly fifty-seven different varieties 
of cars and one particular type of car will gain in popularity and has in- 
creased sales, I ask you again, “Why?” Itis the dominating personality 
again. With the faculty of leadership, he pushes his particular unit of 
work forward. 

Yet the university with its various departments, the state with its 
various functions, and the business with its different branches manage to 
work asa whole. Can we conceive of a state organized with a tuberculo- 
sis commission, a child-health bureau and a social-hygiene board, a water- 
supply division, a bureau for controlling of milk supplies, with a central 
council which meets once a month to debate on whether or not it would be 
wise to grow more goldenrod for the manufacture of synthetic rubber or 
to cut it all down in order to prevent a certain number of cases of hay 
fever? 

Why do we not have a national public-health association? Well we 
have! And it has toits credit many useful accomplishments. Can the 
present Public Health Association bring about the amalgamation of the 
other national health associations? Or can any other national health 
association bring about the consolidation and amalgamation of the others? 
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The answer is clear. None of them can at present. We must see clearly 
that a voluntary association is far different from a business organization. 
If there are a half-dozen different industrial concerns, and one individual 
concern believes it to be of benefit to its business to have these various 
organizations amalgamated or merged, there is one definite step to take 
and it is very constantly being taken,—namely, the purchase of control, 
and when 51 per cent of the stock isin the control of a group of individuals 
they may do anything they choose to those different organizations. 

How different it is in the voluntary association, where practically 
unanimous consent is required in order to bring about any consolidation 
or amalgamation. It is far more difficult to accomplish this purpose 
than it is to bring about a merger in commercial life, and far more diffi- 
cult than bringing about the consolidation of one or more functions of 
government. It will require three different attributes: first, leadership 
under some particular organization and with the type of leadership 
which will promote confidence; second, ability to interest prominent 
leaders in society; and, finally, the ability to raise funds. These three 
qualifications are rarely found in one individual and, until that individual 
emerges, there will be no consolidation of our various national health 
agencies, much as many of us desire it. We have not yet found the in- 
dividual who will take the bit tightly in his teeth and forge ahead irre- 
spective of the few broken bones which will be left behind when he has 
finished his task of consolidating our work. 

Were these associations amalgamated, there is no question in my mind 
but that certain branches of the work, whether it be tuberculosis, social 
hygiene, child health, maternal health, would forge ahead, while others 
lagged behind due to the same factors in human affairs which have been 
outlined above. 

We, in the National Tuberculosis Association, for twenty-five years 
have had an ideal before us,—to eradicate tuberculosis. We have re- 
cently been drawn into more or less of a conviction that there is a definite 
interrelationship between the most fatal and destroying diseases, and that 
close codperation is essential. We must not forget, however, that we 
must continue to devote our best energies to our own specific problem. 
Whether our own problem will ever be solved, we do not know, but we 
look forward still with hope to the accomplishment of a task which 
seems almost as gigantic as that one attempted by Sisyphus. 

In closing, I want to thank the members of the Board who elected me 
to the presidency of the National Tuberculosis Association, and to ex- 
press to you how deeply I have appreciated this great honor. 
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STUDIES ON PULMONARY ACOUSTICS! 
IV. NOTES ON PERCUSSION AND ON FORCED VIBRATIONS 
F. W. BISHOP, Y. W. LEE,? W. J. M. SCOTT anp R. S. LYMAN 


Electrical methods of recording chest-sounds have not changed the 
fundamental principles of physical diagnosis, but they have expanded the 
limits which were previously defined as normal for healthy lungs in adult 
chests. Satisfactory theory of percussion and auscultation may profit by 
still further application of these methods to pulmonary acoustics. And 
so this report is offered as a presentation of data of that sort, which we 
have not come across in this form elsewhere in the literature. 

Friedrich Miiller (22) has summarized the current explanation of per- 
cussion in physical diagnosis. A thrust of some sort occurs on the body- 
wall; adjacent parts of underlying organs are displaced, but return to os- 
cillate more or less freely about centres of equilibrium; in the thorax 


these vibrations of the internal organs combine with the vibrations of the chest- 
wall in that they impress their own vibrations upon it. Martini has experi- 
mentally shown that the teaching of Helmholtz concerning forced vibrations 
holds for the chest-wall, and that the particular note of the air-containing 
organs becomes more dominant than that of the chest-wall itself. 


With optical methods of recording Martini (15) obtained from normal 
exenterated lungs of 5 cm. or more in thickness a low-pitched fundamental 
percussion-note (100 to 130 cycles per second). His studies on percus- 
sion in the living subject, on spoken voice-sounds and on breath-sounds 
confirmed those figures. “On percussion the same fundamental note 
was found, whether the lung is percussed directly or by way of the chest- 
wall’ (16). As a result, Martini assigned a relatively narrow range of 
pitch to normal lungs and chests as their fundamental note,—about 90 
to 130 cycles per second in healthy adults. 

Most of the investigators who have followed Martini have used elec- 
trical methods of recording the sounds. Patients or normal persons have 


1 From the Departments of Medicine and Surgery, School of Medicine and Dentistry, 
University of Rochester, Rochester, New York. 
2 From the Massachusetts Institute of Technology, Boston, Massachusetts. 
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acted as subjects for their experiments, each one of which has been carried 
out on the whole chest intact. In the graphic records amplitude of vibra- 
tion (loudness) and wave-form (timbre) have attracted relatively more 
attention than before. Frequency (pitch) has been shown to occur at 
lower and also higher rates than formerly believed possible. Spoken 
voice and vesicular breath-sounds have proved valuable in addition to 
percussion. The result has been a fair agreement that, in the normal 
intact chest, although the predominant fundamental oscillations occur 
at a frequency of about 110 vibrations per second, the total range is wide. 
Fahr and Brandi (7) report rates in vesicular breath-sounds occasionally at 
30 vib./sec., generally 60 to 200, commonly 300 to 400, and sometimes 
400 to 800 per second. Observers differ in details. Thus Bass (2) and 
Semerau-Siemianowski and Swider (30) give 200 to 250 cycles per second 
as the predominant frequency of breath-sounds; Fahr and Brandi dis- 
agree with Cobet (6) on the exact upper limit of the harmonics which are 
transmitted through normal lungs when vowels are spoken. But there 
are few, if any, records of the transmission of oscillations above 1000 per 
second through whole chesis below the level of the apices in healthy adults. 
Filtration of vibrations leads to partial suppression of frequencies above 
approximately 400 per second and to the total suppression of rates above 
about 900 to 1000 cycles per second in the normal chest. 

The lungs are believed to determine the predominant low note of the 
normal chest. That belief was formulated before the era of electric 
recording. It is based on the results obtained from exenterated lungs on 
the one hand and from the intact chests of living subjects on the other. 
It was then stated that the inherent periodicity of normal lungs (hence of 
normal intact chests) does not lie above 200 cycles per second and it may 
be considered to be usually about 150 per second or even lower. The va- 
lidity of the theories of the day rested in part upon the agreement of the 
results that were given by the methods of the day on exenterated lung 
and on living subjects. With electrical apparatus it has since been shown 
by several observers that vibrations up to at least 400 per second are 
readily forced on normal intact chests by percussion and by normal 
breathing. When a stronger stimulus is used,—the spoken voice,— 
the mere recognition on auscultation of the vowel AA, for example, neces- 
sitates the correct transmission of oscillations up to about 700 to 800 
vibrations per second (the first formant), from a fundamental of 98 per 
second (Fahrand Brandi). However, no studies have come to our atten- 
tion which apply electrical recording to the characteristics of lung-tissue 
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isolated from the rest of the chest. It now seems in order to examine 
the periodicity of the lungs themselves by the same technique that has 
expanded the limits of frequency of the vibrations which can be forced on 
normal intact chests. 

The periodicity of lung-tissue is approached here in three kinds of 
experiment. 


Part 1 


COMPARISONS OF REFLECTED AND TRANSMITTED PERCUSSION-NOTES ON 
NORMAL INDIVIDUALS 


Finger-finger percussion was carried out anteriorly on the right side of 
the chests of several normal subjects. A few inches in front of the plex- 
imeter finger was a condenser microphone, which picked up the sound 
that was reflected through air from the chest. It represented the note 
heard by the examiner. At the same time an electromagnetic contact- 
microphone was held against the posterior chest-wall on the same side 
of the chest. It picked up vibrations which were transmitted to the 
back, such as would be heard on auscultation at that site. Simultane- 
ous records were made from these two Western Electric microphones, 
together with timing with a tuning-fork, on a General Electric Oscillo- 
graph with three strings. This apparatus has been described previously 
in this journal (18). The calibrations of the condenser microphone and 
of the electromagnetic transmitter (no. 3), as well as of the whole system, 
are given in that article. 

Although different individuals provided distinct differences in detail, 
the general results were much the same among all adults in our series. 
Typical records from one individual, a healthy male, surgeon, aged 35, are 
reproduced onchart1. The circumference of his chest at the level of the 
3rd interspace is 89 cm. On chart 2 a photograph shows the sites where 
percussion was made and where the contact-microphone was held against 
the subject’s back at the time the records were taken. 

On the upper record on chart 1 the uppermost curve indicates trans- 
mitted vibrations on the back at the level of the 7th vertebral spine. The 
middle curve registers the note that was reflected through air from per- 
cussion on the 7th rib over the liver. The timer shows intervals of 0.01 
second. Percussion was first directed at the 7th rib where the thoracic 
cage contained liver. The resultant reflected note from that spot 
sounded flat to the ear and the graph confirms what was heard. Thus 
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the oscillations of the middle string have a narrow excursion (soft) ; those 
which are large enough to be audible disappear quickly (short); there are 
no vibrations of low frequency (giving a high-pitched note). The same 
blow which produced that reflected sound at the point of origin also started 
the transmission of vibrations up along the course of that rib to the 
neighborhood of the contact-transmitter on the back. At that level, of 
course, the thoracic cavity contained lungs. The top string recorded an 
initial rapid oscillation (the third harmonic of 110, which is 330 cycles per 
second) and then it immediately settled into slow vibrations (77 to 125 
per second). 

On the lower record on chart 1 the same arrangement holds, except 
that percussion was made at the 3rd interspace in the midclavicular line 


Cuart 1, Mate, AcEp 35 
Upper record: 
Top string: Initial rib-borne vibrations which are relatively rapid, settling into subse- 
quent slow transmitted oscillations 
Middle string: Reflected flat percussion-note, produced over liver; rapid vibrations of 
small excursion and short total duration of the note 


Lower record: 
Top string: Direct rib-conduction impossible; slow transmitted oscillations, attributed 
to “cage resonance” 
Middle string: Reflected resonant percussion-note; relatively rapid vibrations which mask 
to large extent the oscillations of slower rate 


with approximately the same force as before. At this level the note was 
resonant to the ear and, on the graph with the same amplification, the 
middle string gave a much wider initial excursion (louder), many slow 
oscillations (low-pitched), a longer total duration, and a distinct aperiodic 
wave-form (nontympanitic). The blow which gave rise to this reflected 
note also set up vibrations that were transmitted to the contact-micro- 
phone on the back, either horizontally through the ‘chest, or by a devious 
bony path involving the 3rd and 4th ribs, vertebral spine, and then the 
7th rib to the microphone. The upper string on this record does not 
show initial deflections of high frequency, corresponding to those on the 
previous record. All the vibrations which are transmitted to the back at 
the same horizontal level are relatively slow and are of smaller amplitude 
than those produced by striking on the 7th rib. This may explain the 
relatively short total duration of the transmitted note on the lower 
record. 
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Chart 2 presents a similar record from a normal girl, aged 63 years, with 
a chest 58 cm. in circumference at the level of the 4th interspace. Her 
photograph also appears with the contact-microphone and pleximeter 
finger of the examiner in place. The top string registers the transmitted 
vibrations picked up at the level of the 6th vertebral spine. The middle 
string gives graphic representation of the note from percussion at the 
same level in front which was in the 4th interspace in the midclavicular 
line. Although the first few deflections of the transmitted note have a 
frequency of about 125 cycles per second, the curve ends with distinct 
oscillations which are very slow,—about 42 per second. The reason 
for this very low rate of transmitted vibration in a child whose chest is 
smaller than that of the adults may not be clear. The percussion was 
undoubtedly relatively heavier in the case of the child although the stroke 
was considered to be delivered with about the same actual force. Thus, 
it might be that the whole body of the child was shaken slightly whereas 
the same percussion-blow would be altogether too light to have that effect 
on the adult chests which make up the rest of our series. Furthermore, 
in the case of 3 adult males the terminal one or two vibrations were as 
low as 30 cycles a second. And so we do not think the results obtained 
with this child provide a serious discrepancy. 

Some measurements of the duration of oscillations on the graphic 
records were made but no exact analysis was attempted. Wherever 
succeeding up-and-down deflections crossed the horizontal axis without 
harmonics, it was easy to lay off the duration of such half-cycles. But 
the combination of mixed frequencies was always aperiodic and in- 
creased the difficulty of direct measurement so much that at times their 
frequency could not be determined in this way. Accordingly, the figures 
which are listed here do not give a complete and exact frequency-count 
of these records, since not every deflection of the string is represented 
although most of them are. 


Adult: P. N. on 7th rib: 

Transmitted note: 77 to 125,with 330 cycles per sec. at the start, which repre- 
sents rib-transmission 

Reflected note: 290 and 670 cycles per second 


Adult: P. N. on 3rd i.s.: 
Transmitted note: 110 to 140 cycles per second 
Reflected note: 125, 500, 670 cycles per second 
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CHART 2 
pper record: Child, aged 63 
Top string: Slow oscillations, attributed to “cage resonance’ 
Middle string: Reflected resonant percussion-note 


selow: 
The subjects of charts 1 and 2 with sites of percussion and positions of microphones 
shown 
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Child: 
Transmitted note: 42, 125 cycles per second 
Reflected note: 140 cycles per second 


RESUME 


The reflected percussion-note is much more complex than the trans. 
mitted note. The qualities of the reflected note conform to the curren 
descriptions of typical resonance, dulness, flatness, etc., as the case ma’ 
be. With resonance, there is a low fundamental element (usually 90 t: 
130 cycles per second) in adults. In the case of one child examined i 
was slightly higher (140 per second). In both cases there are also 
many partial tones of higher frequency (400 to 700 per second). In a 
flat note no low-pitched element could be made out. 


CuHarT 3, SHEEP 


Upper record: Living sheep under anaesthesia, with thorax intact 
Top string: Relatively slowly transmitted vibrations, produced by percussion on the 
right side of the thorax and picked up on the left side of the thorax 
Middle string: Reflected note; rapid oscillations predominate 


Lower record: Empty thorax of sheep, with lungs removed through the diaphragm 
Top string: Pure “cage resonance;” slow regular transmitted oscillations 
Middle string: Reflected note of empty thorax; rate of vibrations much the same as 
above in the living animal with lungs 


The transmitted note may contain a few initial rapid oscillations, above 
150 cycles per second. This cccurs when the path of conduction passes 
along ribs in the thoracic wall and accordingly it is picked up over the 
back-and-upward course of the ribs on which the percussion-blow falls. 
The subsequent oscillations following rib-transmission and all trans- 
mitted vibrations of the normal chest under other conditions are rela- 
tively simple in wave-form (no harmonics) and of low frequency (60 
to 150 cycles per second). 


CONCLUSIONS 


Regardless of the site of percussion and of the quality of the reflected 
note, the lingering vibrations of the transmitted note at any one place 
on the chest are much the same in the same individual. Consequently, 
two different conditions are presented. The reflected note represents the 
composite sound familiar to clinicians in routine percussion; it comes from 
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impact on the pleximeter, and from vibrations of the chest-wall and un- 
derlying organs. The /ransmitted note seems to represent filtered funda 

mental tones of the chest at the level of recording; it is independent of th: 
site and nature of the percussion-blow, unless there is direct rib-con 

duction which may provide initial oscillations of higher rate. The appear 

ances of the reflected and transmitted vibrations from a single percussio! 

stroke are quite different on the graphic records. 


Part 2 


COMPARISON OF PERCUSSION-NOTES ON A LIVING SHEEP, ON ITS EXENTER- 
ATED LUNGS IMMEDIATELY AFTER DEATH, AND THEN 
ON THE EMPTY THORACIC CAVITY 


It has been shown that low-pitched notes, of the order of the recognized 
fundamental note of the normal chest, occur when transmitted vibrations 
which originate at different places are picked up from a part of the chest- 
wall that covers healthy lungs. There is as yet no indication as to what 
determines this low pitch,—lung tissue itself, or resonator action of the 
thoracic cavity, the so called “cage resonance.” The next step is the 
separation of these two factors and the subsequent comparison of the 
percussion-notes. 

This experiment was suggested to us by the work of Mazoon (17). 
In 1852 he reported that removal of the thoracic organs through the 
diaphragm of a cadaver gave rise to a relatively clear, toneful, reflected 
note on percussion of the anterior part of the chest-wall. Then, if liver 
were placed in the thoracic cavity on the ribs between the spine and the 
scapula, percussion of the anterior part of the thorax yielded a damped 
note, whereas, if a piece of lung were put in place of the liver, no change 
was noted before and after its insertion when the anterior chest-wall was 
percussed. When the sternum of a cadaver was removed some resonance 
was lost. If the whole side of the chest-wall were cut away the note from 
the remaining side gave the “‘thigh-note” of Skoda. 

In our experiment a sheep was given amytal intravenously and as soon 
as it appeared anaesthetized it was put on its back on an operating table 
for animals. Its thorax was shaved over two areas, one on each side, 
and the animal was taken into our ‘“‘sound-proof”’ room. Finger-finger 
percussion was carried out at the 5th interspace on the right side of the 
thorax. A few inches away, anterolaterally, was the condenser micro- 
phone for the reflected note. On the /eft side the electromagnetic micro- 
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» one for the transmitted note was held against the shaved thoracic 

y ill at a corresponding place. On chart 5 a photograph indicates the 
sition of the animal and the microphones. It was noticed that the hide 

© the animal, although shaved at the site of percussion, gave much more 
|pable resistance than is encountered on the chests of patients. i 
On the upper record on chart 3 the top string shows the vibrations 
uich were transmitted across the midline to the opposite side of the 
est on the living but anaesthetized animal. It has the same general 

¢ ypearance as that of the transmitted notes on normal persons, when the 

>ercussion was performed on the front and the contact-microphone was 
-id on the back of the same side of the chest. With the sheep the re- 

flected note had a hyperresonant sound to the ear. It is pictured by the 
iddle curve on this record, where again the quality in general resembles 
1at of corresponding sounds on the human subject. 

The abdomen of the sheep was then opened, the diaphragm was slit 
from sternum to spine, a midline incision was made in the neck and the 
trachea wassevered. The lungs were exenterated through the abdomen 
and were promptly inflated to a manomeiric pressure of 12 cm. of water. 
The lung was then held up in front of the condenser microphone with the 
right lower lobe between the thumb and middle finger, as shown in the 
photograph on chart 5. The thickness of the lung between the thumb 
and finger was kept throughout this series at 5.5 cm., as measured by 
calipers. Finger-finger percussion on the lung was recorded with inflation 
at this pressure, 12 cm. of water, 10 minutes after the lungs were extracted 
from the sheep’s chest, and then at atmospheric pressure 10 minutes later. 
The lungs were still warm and they collapsed readily after inflation at 
the end of that time. The incisions in the sheep’s diaphragm, abdominal 
wall and neck were sewn up and percussion was repeated on the dead body 
in the same way as was done on the living animal. . 

On the lower record on chart 3 the upper curve indicates vibrations 
transmitted across the empty thorax. The deflections are more even and 
regular, closer to a sine wave, and hence they represent more nearly a 
pure tone than before. Also the frequency of the transmitted note is 
listinctly lower without lungs in the thorax than with them. On the 
)ther hand, the reflected sounds appear much the same on the graphs 
before and after removal of the lungs; the wave-form is similar; the pre- 
dominant frequency of vibration is about the same, although some few 
ower oscillations are present and some of the slightly higher vibrations 
are absent in the record from the empty thorax. To the ear typical 
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tympany was not evident even from the exenterated thorax. It w 
hard to say whether the notes should be called hyperresonant or ty: 
panitic. Perhaps our expectations made us lean toward labelling t): 
sounds hyperresonant before exenteration and impurely tympanitic aft: » 
it. Further, the thoracic wall of this animal at the time of percussi: 
immediately after death felt rigid rather than pliable to the pleximet 
finger. 

All records of percussion on the exenterated lungs from this sheep are 
put together on chart 4. On the upper record on this chart there is t 
reflected percussion-note from freshly exenterated sheep’s lung, 5.5 cr. 
in thickness and inflated at a pressure of 12 cm. of water. Obtained 
this way, the predominance of the rapid aperiodic oscillations is obviou:. 
The bulk of the vibrations occur at about 330 cycles per second. The 


CuHart 4, EXENTERATED LUNGS FROM THE SAME SHEEP 


Upper record: Reflected resonant note from fresh lung; inflation at 12 cm. of water; rela 
tively rapid vibrations are obvious; slow oscillations are not evident (without 
filters). 


Middle record: Same lung, collapsed while fresh; hyperresonant note; graphic picture shows 
wider excursions (louder sound) but absence of definite periodic swings 


Lower record: Same lung, collapsed, 4 hours later; tympanitic note; definite periodic oscilla 
tions on graph. 


presence of lower-pitched fundamental components is masked but that 
does not necessarily indicate the actual absence of a low-pitched funda- 
mental note. 

On the middle record on chart 4 there is a similar reflected note from 
fresh, collapsed lung, 5.5 cm. in thickness. The lung had been inflated 
immediately before it was allowed to collapse, to assure us that it had 
retained its elasticity. The sound was hyperresonant to the ear, not 
purely tympanitic. On the graph the majority of deflections are still 
aperiodic and of relatively high frequency (290 to 330 cycles per second). 
However, there is also a suggestion of slower vibrations recurring regu- 
larly for 3 or 4 cycles. 

On the lower record on chart 4 there is a record of another reflected 
note on the same lung after it had been left in the ice-box for 4 hours in 
collapsed state. It had become somewhat shrunken and could be cut 
with a knife into slices which retained their shape. The percussion-note 
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was now definitely tympanitic to the ear and on the graph a successio:: 
of periodic vibrations at about 250 to 290 cycles per second appear fi 
the first time. 

The presence of low-pitched vibrations in the percussion-notes of tl 
exenterated lungs in that experiment was so obscure on the graph 
records that it was decided a few days later to repeat the percussion « 
similar sheep’s lungs with the use of a filter. Accordingly, lungs wer 
obtained at a nearby slaughter-house, were covered with towels wet wit 
warm saline solution, and brought to the laboratory. Percussion w: 
immediately carried out as was done before, with the lungs inflated to 
pressure of 12 cm. of water, and held at the thickest part of the low« 
left lobe. The distance between the thumb and finger measured 5. 
cm. The two records which appear on chart 5 were taken within 3 


CHART 5. EXENTERATED LUNGS FROM ANOTHER SHEEP 


Upper record: Reflected resonant note; inflation at 12 cm. of water; rapid oscillations obvious; 
no definite slow vibrations other than a single very slow terminal upward wave 


Middle record: Same lung, same position, same kind of percussion-stroke. Low pass filter 
has suppressed the rapid vibrations which predominated on the film above and has 
allowed slow fundamental vibrations to become evident. 


Below: 

Left. Position of sheep on its back; condenser microphone facing the right thoracic wall; 
electromagnetic contact-microphone held against a place on the left wall symmetri- 
cal to the site of percussion on the right 

Right: Position in which exenterated lung was held during percussion. 


minutes of the time when the throat of the sheep was cut in the slaughter- 
house. 

The upper record on chart 5 shows the reflected note, without filters. 
Again, no obvious low-pitched sound appears on the graph, except for a 
very slow oscillation (about 40 per second) at the tail-end of the curve. 
Relatively high-pitched vibrations, 250 to 830 cycles per second, pre- 
dominate. 


On the lower record on chart 5 the reflected note with a low-pass filter 
proves the definite presence of a component that is below 130 vibrations 
per second. The percussion was as nearly identical as possible with that 
of the previous record in regard to force of the stroke and the position of 
the fingers on the lung. Repeated records gave results which superim- 
posed almost perfectly with these-on chart 5. 
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Another warning about the insufficiency of frequency-counts should be 
given here. The figures that are listed represent only the measureme *ts 
of those deflections, in which harmonics are either absent or can 5e 
definitely assessed on inspection. 


Living sheep with lungs: 
Transmitted note: 90 to 125 cycles per second 
Reflected note: 140, 270, 330 cycles per second 


Sheep’s body with empty thorax: 
Transmitted note: 44 to 67 cycles per second 
Reflected note: 90, 140, 290 cycles per second 


Exenterated lung from this sheep, at 12 cm. pressure: 
Reflected note: 330 cycles per second 


Same lung at atmospheric pressure, while fresh: 
Reflected note: 290, 330 cycles per second 


Same lung at atmospheric pressure, 4 hours later: 
Reflected note: 250, 290 cycles per second 


Lung, exenterated from a different sheep, at 12 cm. pressure: 
Reflected note without filters: 40, 250, 500, 715, 830 cyc/sec. 
Reflected note with 1.p. 130 filter: 40, 85 cycles per sec. 


DISCUSSION 


The reflected note from a sheep's thorax was much the same to finger- 
finger percussion of moderate force with and without lungs. The note 
sounded hyperresonant while the animal was alive, and impurely tym- 
panitic, if at all so, after death with the thorax empty. On the graph 
the wave-form appeared somewhat the same and frequency-counts 
showed the same predominant vibration (140 and 290 cycles per second), 
although a few lower-pitched oscillations (90 per second) were evident 
in the record from the empty thorax and a still higher rate (330 per 
second) was seen with the lungs in the chest. This close similarity might 
be explained by the unyielding chest-wall, the thickness of the hide, and 
the angular shape of the anterior bony thorax of the sheep. 

The transmitted note on the sheep’s thorax was relatively simple and free 
from aperiodic high-pitched components. Although low-pitched in bot! 
cases, it proved to be somewhat lower and more nearly a sine wave (pure 
tone) with the empty thorax than with the animal alive. This is th 
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opposite of the classical demonstration that the pitch of an empty glass 
cylinder drops when filled with foam. 

The reflected notes from the fresh exenterated lungs, inflated to an extent 
which is probably not far from that existing in life (12 cm. of water), 
resembled those of the lungs while fresh but collapsed, in that aperiodic 
vibrations of relatively high frequency are predominant (290 to 330 
cycles per second). Low-pitched components comparable to those of the 
transmitted oscillations are probably present but are so masked that their 
measurement directly from the film is impossible with the methods at 
hand. The use of electrical filters would have been valuable here but the 
need was not recognized in time. 

When the lung was fresh and warm and was inflated at pressures of 12 
cm., and also at 20 cm. of water as well as when collapsed, the percussion- 
note was hyperresonant to the ear. It was only after standing and con- 
gealing in collapse that tympany became exquisite and that several peri- 
odic oscillations appeared in sequence on the film. No attempt was made 
to determine why or when the change occurred which would provide the 
three consecutive periodic vibrations that are stated by Fahr and Brandi 
(loc. cit.) to be necessary for the recognition of tympany by the ear. 

The analysis of aperiodic vibrations is so difficult that no attempt was 
made to apply it to these graphic records. But electrical filters can easily 
be used to suppress or pass vibrations above or below the frequencies for 
which they are constructed. Thus, the percussion-notes from exenter- 
ated sheep’s lungs without a filter showed convincingly only the oscilla- 
tions of higher frequency (290 to 330 cycles per second). Then the in- 
sertion of a low-pass 130 filter suppressed vibrations above that frequency 
and allowed only those below 130 per second to pass. Theoretically, the 
filter ought not to attenuate the energy of the vibrations which are al- 
lowed to pass, and also the “‘cut-off ” should be exactly at 130 vibrations 
persecond. Practically, there seems to be some loss in passage through 
all filters even of those frequencies that are supposed to come through, 
and also the ‘‘cut-off” points are not sharp. It happens that our low-pass 
130 filter is the best filter we have, as is shown on the calibrations already 
referred to (18), but still one is not justified in estimating the percentage 
of energy from vibrations below 130 per second by comparing the excur- 
sion of the waves with and without filters on the two records on chart 5. 
To summarize, it is definite that a low-pitched component, below 130 
cycles per second, exists in the percussion-note of exenterated lungs, but 
higher vibrations, 250 to 350 per second, appear to be predominant. 
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The conception that the thorax may act as a resonator has been de- 
veloped in the past by several investigators, especially by Bushnell (4) 
(26) in this country. Although we are not convinced that the production 
of the vesicular murmur is explained merely by thoracic filtration of 
tracheal breath-sounds and amplification of the low-pitched component, 
the results of our experiments suggest that “cage resonance” is a definite 
reality in pulmonary acoustics. We have insufficient information, how- 
ever, to attempt to assign a proper balance to the influence on chest- 
sounds of the chest-wall locally, of the ribs as ready conductors of more 
widespread vibration, of the thoracic cage as a resonator and filter, and of 
the internal organs as oscillating bodies with special characteristics. 


CONCLUSION 


Percussion was carried out on the right side, and transmitted vibrations 
were picked up on the left side of a living sheep’s thorax; and so the vibra- 
tions could not have been conducted directly through pulmonic paren- 
chyma. The shape of the wave-form and the periodicity show that trans- 
mission did not merely pass around the chest-wall through bones, since 
bone does not filter out vibrations of higher frequencies (15) (19). No 
high-pitched components are present in records of transmitted notes where 
direct rib-conduction is ruled out. Hence, the transmitted notes seem to 
represent “cage resonance.” 

The curves obtained from this sheep are similar in appearance to those 
recorded on human subjects. It seems likely that the transmitted notes 
similarly indicate cage resonance in records of patients. 

The transmitted note of the living sheep’s thorax is somewhat higher 
pitched than that of the empty thorax; in the presence of lungs the pitch 
of “cage resonance”’ is slightly raised. The reflected note shows by the 
table of frequency-counts a tendency in the same direction, but there is 
extremely little difference between the pitch of the reflected notes from 
the sheep’s chest with and without lungs. 

On fresh exenterated sheep’s lungs the use of a filter proved the exist- 
ence of a fundamental frequency below 130 cycles per second in the per- 
cussion-note. However, repeated registration of percussion without fil- 
ters seems to show a predominant frequency of some 250 to 350 cycles per 
second in the sheep’s lungs. 

Cage resonance, as determined by records of the transmitted, vibrations, 
provides low-pitched sounds (below 130 cycles per second) par excellence. 

Tympany in the collapsed sheep’s lung develops on standing. 
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Part 3 


FORCED PERIODIC VIBRATIONS, PRODUCED INSTRUMENTALLY 


One method of determining the inherent frequency of lungs is to sub- 

ject them to a sudden momentary stroke and then to measure the fre- 
quency of the free vibrations which follow the initial displacement. Our 
results of that approach have just been summarized in part 2. A more 
direct method would be to force continuously periodic vibrations of 
known rate and amplitude on to lung tissue and record the transmission 
of those vibrations through portions of the lung under different condi- 
tions. This was attempted and will now be discussed. 

The spoken voice may provide mixed periodic vibrations. It has 
been used with or without accessory devices by many observers such as 
Fahr and Brandi (loc. cit.), Cobet (loc. cit.), Winkler (32), Martini (16), 
Fréschels and Stockert (9), Karplus (14). By its use there has been 
ample evidence, confirmed here as well, that the healthy total thorax 
acts as a filter, passing vibrations of low frequency and suppressing those 
of high frequency. As already stated, there is still some difference of 
opinion as to the exact extent of this filtration but electrical recording 
has tended to place the upper limit of normal conduction higher than 
formerly. The spoken voice is, however, incapable of producing pure 
tones, and consequently does not allow simple deductions of energy- 
transmission to be made. 

Instrumental sources of vibrations such as the tuning-fork have been 
used, under the name of phonometry, to give quantitative measure to 
the conduction of periodic vibrations through the whole chest. Since 
there is some theoretical interest involved and also since we made no at- 
tempt here to apply our method to the total intact chest, the literature 
on phonometry is herewith reviewed. 


HISTORICAL REVIEW OF PHONOMETRY 


Recognizing the theoretical value of the tuning-fork as a source of pure 
tones in the laboratory, J. H. Baas (1) made an attempt in 1873 to apply 
it to the physical examination of patients, under the name of phonometry. 
He used a fork which vibrated at a rate of 440 cycles a second and which 
gave a wave length of 772 mm. at 12°C. The handle of the fork was 
placed directly against bony surfaces, such as the sternum and clavicles, 
but was held against an interposing finger of the left hand (pleximeter) 
when testing soft tissues like the intercostal spaces. Baas then noted 
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the loudness of the sound, which was reflected through air to his ear 
without aid of a stethoscope, and he also palpated the resistance to vi- 
brations. Variations at different regions of the thorax and abdomen were 
said to be quite marked and they corresponded to differences of percus- 
sion at the same sites. Thus, loud resonance with the tuning-fork was 
obtained over the abdomen from air-containing gut when it was tensely 
inflated; the percussion-note was relatively loud and tympanitic. Weak 
resonance with the fork was heard over normal lungs; the percussion- 
note was weakly resonant and nontympanitic. There was deficient or 
absent tuning-fork resonance over the liver or thigh; percussion gave a 
dull or flat note. Baas presented his procedure in a rather favorable 
light. Phonometry was believed to depend on a common underlying 
principle with percussion and to run parallel to it in outlining normal 
anatomical borders and abnormal changes in the chest and abdomen,— 
at least under extreme conditions. Some important situations, including 
the supraclavicular regions, were definitely stated to yield inconclusive 
results. 

Very soon afterward Guttmann (11) reported a clinical trial of the 
phonometry of Baas. He used tuning-forks with 5 different tones and 
compared their results with those of percussion. He concluded that 
percussion was distinctly more valuable. Phonometry was time-con- 
suming, was not nearly so exact in eliciting differences either in the chest 
or in the abdomen, and dealt only with loudness or softness of tone 
(thought to be a function of volume of air alone), in contrast to percus- 
sion which provided, in addition, pitch and quality of note (a function of 
other states, such as tension, as well as air-volume). However, Baas 
believed that phonometry might well be of scientific interest. 

In 1874 Grasset (10) contrasted percussion and phonometry. He con- 
sidered them essentially different, on the score of establishing funda- 
mental “resonance” (pitch and timbre) by percussion, and of determining 
degrees of transmission of vibrations (loudness) by phonometry. It was 
sometimes desirable to assess the latter when dealing with patients who 
could not speak for one reason or another (for instance, aphasic). Grasset 
noted that the extent of a thoracic vibration which was brought out by 
tuning-forks did not always parallel changes of percussion-notes in his 
patients. 

In 1876 auscultation was carried out by Forjett (8) through a stetho- 
scope placed over the organ in question with the left hand. Then a piece 
of flexible steel, bent as a bow and held tense with catgut, was put with 
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either end against the skin at different places, while the catgut was 
twanged with the fingers of the right hand. When this “timbrometer” 
crossed the border of the organ over which the stethoscope was held, there 
was a “distinct change in the character of thenote.’”’ Solids were said to 
give a clear musical note, cavities a dull note. Rather extravagant 
claims were made for the possibilities of this method without offering 
adequate proof in this communication: for instance, outlining the four 
chambers of the heart during physical examination of patients, etc. This 
instrument was claimed by Roy (28) to have been his invention. 

In 1908 Schlesinger (29) recommended the tuning-fork again in physi- 
cal examination, with important modifications. He auscultated with a 
phonendoscope while holding a low-pitched fork elsewhere against the 
body. The rate of vibration of the tuning-fork was 48 cycles per second 
and there was an optical means of showing when the amplitude of vibra- 
tion became the same before successive applications to the body. Schles- 
inger thus equalized the loudness of sound for each determination and 
advised that it be adjusted to provide threshold stimulus. With that 
technique he obtained outlines of cardiac size correctly to about 1 cm., 
when the phonendoscope was held over the heart and places noted 
where the sound of the fork suddenly became loud as it was moved around 
the chest-wall toward the heart. Schlesinger’s results were controlled 
by fluoroscopy on the living and by needles driven in perpendicularly 
through the chest-wall on the dead. He stated that the width of the 
great vessels could be effectively gauged in the same way and, when more 
than 4.5 to 5.5 cm., it was pathological. The apices of the lungs failed to 
reveal the slight nuances of tone with phonometry that were elicited with 
percussion, but the width of Krénig’s isthmus (apical fields) was demon- 
strated, with the assistance of Krénig himself, to be satisfactorily out- 
lined with tuning-fork and phonendoscope. General principles were 
proposed: a homogeneous medium transmits sounds equally and plaques 
in such a medium break up conduction and cause a certain amount of 
reflection. Thus, with equal apical consistence, equal sounds were heard 
on both sides of the chest, when the phonendoscope was held in the 
supraclavicular fossa and the tuning-fork with minimal amplitude of 
vibration in the supraspinous fossa. With central infiltration at one 
apex on one side, the sound was relatively damped on that side. With 
uniform infiltration on one side, the sound was relatively intense on that 
side. Schlesinger had repeated roentgenographic confirmation of small 
central apical plaques, detected clinically with the tuning-fork. Out- 
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lines of pleural effusion and of the liver also lent themselves to this pro- 
cedure. 

In 1912 Plénies (24) employed an electrically driven tuning-fork in 
order to keep the source of sound constant, and he auscultated with a 
phonendoscope. He believed it possible to get the general outline of the 
heart and liver, and of an enlarged spleen in this way. As for lungs, he 
used Auskultophonation with the tuning-fork as one of three methods of 
determining the Lungenscheitel,—the distance from the acromion to a 
line representing the lateral border of the lung, obtained anteriorly and 
posteriorly on the chest. Normally, according to him, that distance 
should not be more than 3 to 3.25 cm. in women or 3.25 to 3.50 cm. in 
men. 
In 1914 Cantlie (5) recommended placing the handle of a “G-sharp” 
tuning-fork successively on prescribed rows of spots on the abdominal 
and lower chest-walls and auscultating with a stethoscope over the liver, 
in order to obtain the outline of that organ. The border of the liver was 
said to be reached when the sound of the tuning-fork suddenly became 
louder and when, at the same time, the source of the tone seemed to 
change from the vibrating prongs to the point of impact of the handle 
against the skin. Olpp (23) used a higher-pitched tuning fork and, with 
it, he confirmed Cantlie’s statements on the whole. 

Hickey (12) made a brief report in 1917, in which he described auscul- 
tation over the spleen, liver, heart or pulmonary apices and the use of an 
electric vibrator to locate their margins. A change in the sound denoted 
the border sought. When examining the pulmonary apices the vibrator 
was placed against the spinous processes of the lower cervical or upper 
thoracic vertebrae and the stethoscope in the surpraclavicular spaces. 
With normal lungs little or no sound could be made out; with infiltration 
a distinct note was heard. No detail was given about his apparatus or 
about the control of his results. 

In 1919 Izar (13) gave a good review of the phonometry of Cantlie, 
based on his own clinical experience with a heavy tuning-fork of 512 
vibrations per second, and auscultation with a phonendoscope. The 
emphasis was chiefly on outlining abdominal organs or tumors which 
touched the body-wall at least at one place, and also on delimiting effu- 
sions and exudates. The method was considered to have definite value 
for such conditions. 

In 1924 Pohl (25) stroked the chest and abdominal walls of patients 
with the vibrator of an electrically driven apparatus for massage. His 
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attention also centered on the abdomen, where he made observations par- 
ticularly about the diameter and functional state of the colon. He stated 
that laparotomies checked his results with the vibrator satisfactorily. 

Roccavilla (27) returned in 1925 to the application of tuning-forks and 
auscultation in examination of the pulmonary apices. He used a fork, 
which allowed variation of pitch, with tke lowest note at Ae; it had prongs 
27 cm. long, and was driven electrically. Sites of preference were worked 
out for the stethoscope and tuning-fork, in order to obtain the best ‘‘trans- 
apical vibratory auscultation.” His direct method utilized soft parts 
and avoided mere bony transmission; the handle of the fork was held in 
the supraclavicular fossa, the stethoscope medial to the scapular spine, 
or else the fork was placed in the supraspinous fossa while auscultation 
was carried out from the infraclavicular fossa. The indirect method em- 
ployed bony paths of transmission and the lung was supposed merely to 
furnish resonance; the fork rested against the clavicle and the stethoscope 
against the spine of the scapula, or vice versa. The apices were examined 
by both methods, which gave different kinds of information. Thus, if 
the apical parenchyma was relatively dense, immobile and contained less 
air on one side, it was said to reinforce the musical sound by the direct 
method and decrease it by the indirect method on that side. Done in 
this way, Roccavilla believed the procedure to be valuable in the diagnosis 
of minimal apical tuberculosis. 

The following year, Michelson (20) reported some clinical trials of the 
tuning-fork without mentioning the distinction between soft and bony 
paths of transmission. His conclusions were sweepingly negative. 

In 1927 Vernieuwe (31) compared the duration in seconds at the two 
apices of transauscultation of a tuning-fork which vibrated at 512 per 
second. Otherwise his procedure was similar to that of Roccavilla. Ver- 
nieuwe considered this method applicable only to the pulmonary apices 
in chest examination. It spared the patient from moving and talking; 
it was merely confirmatory and not in itself conclusive; it furnished 
direct approach toward determining relative density of the two apices; 
in conjunction with clear roentgenograms an increased transauscultation 
suggested apical pleurisy; when both sides appeared clouded in the roent- 
gen examination, an inequality of transauscultation pointed toward the 
louder side as the more dense. 

Bass (3) introduced the principles of the radio in 1928. He produced 
pure tones with an oscillator, transmitted them through a sound-proof 
tube to the oral cavities of patients, and then recorded graphically the 
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vibrations which were carried down the bronchial tree and through the 
lungs to the surface of the chest-wall. A condenser microphone was used 
to pick up the vibrations on the outside of the chest-wall. He could con- 
trol a continuous range of frequency from 20 to 10,000 cycles per second. 
With normal chests there was no deflection at 80 vibrations per second; 
it was just measurable at 90, maximum at 190, and then it fell off rapidly 
until it disappeared at 400 a second, or slightly higher. Ina patient with 
complete pneumonic infiltration, there was practically no deflection be- 
tween 50 and 500, just measurable at 600, a maximal band at 900-1100, 
then a drop, followed by a secondary rise at about 1900 cycles per second. 
Bass plotted his results with the ‘“‘sound energy” (determined by ampli- 
tude of deflection?) on the ordinates, and frequency of, vibrations on the 
abscissae. The plot showed an “acoustic frequency spectrum.” These 
spectra varied somewhat over different parts of the thorax, having a shift 
toward the higher ranges over the apices as compared with the bases of 
normal subjects, and passing through intermediary stages in cases of par- 
tial infiltration to the typical spectrum of dense consolidation, just de- 
scribed. 

In summary, there is, then, reason to believe that filiration of periodic 
vibrations occurs in the whole chest intact. The work of Bass (1928) has 
set some limits to the conduction of pure tones through the normal thorax 
and these are wider than has been previously recognized in some quar- 
ters, but, even so, his results indicate that the periodicity of the normal 
intact chest does not extend higher than about 400 cycles per second. 

Comments have been made since the time of Seitz and Zamminer 
about the transmission of vibrations from tuning-forks through exenter- 
ated lungs, but Montgomery (21) is the only observer we know of who 
states that “Animals’ lungs outside the body in various stages of inflation 
do not transmit the low-pitched sounds better than the high-pitched 
ones.” The details of his experiments, however, have not come into our 
hands. 

The results of our experimentation may now be taken up. 


APPARATUS 


It is desirable to use continuous pure tones through a wide range of 
frequency and of controlled intensity. The set-up which seemed to 
satisfy these requirements best is shown in a diagram on chart 6. 

An audio-frequency oscillator was constructed by one of us (F. W. B.). 
It had a range of 30 to 100 cycles per second in steps and was continuously 
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CHART 6 


Above: Diagram of apparatus for forcing vibrations on isolated lungs 


Below: Protocol of experiment: vibrations forced on lung suspended outside the thorax of 
a living sheep 
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variable from 100 to about 12,000 cycles per second. It proved to be 
stable at all frequencies; the wave-form of its output was that of a sine 
curve above 150 cycles per second but not so below it; it included 3 stages 
of resistance-coupled amplification which provided ample power and 
easy control of the intensity of its output. 

The vibrations were produced by a D-80904 “Bone-conducting Re- 
ceiver” made by the Western Electric Company. The frequency of its 
oscillation was readily controlled by the oscillator. The determination 
of the intensity of the thrust of the plunger caused considerable trouble. 
The excursion of the plunger might be considered from the standpoint of 


Vv 
amplitude of vibration in terms of velocity (a = ). In those terms 


calibration is possible and it was in fact carried out for us in the Bell 
Telephone Laboratories. We are particularly indebted to Mr. D. G. 
Blattner for consultation and assistance in this matter. However, the 
methods of calibration will not be included since we were unable to use 
the results. 

The determination of amplitude in that way does not take into con- 
sideration the force of the thrust and accordingly it is of doubtful value. 
A desirable calibration would be in terms of force opposed by the imped- 
ence of lung tissue, since the vibrator is to be used against lungs experi- 
mentally. But the impedence of lungs is not known and probably 
varies. And so, this calibration, which would have simplified and 
speeded up the work greatly, was dismissed as unfeasible. 

The force of the thrust was then treated as follows: The oscillator 
remained set with its output at full volume throughout. The vibrating 
plunger was suspended so as to rest with a slight constant pressure of 
gravity against the diaphragm of an electromagnetic transmitter. A 
very thin slice of lung-tissue, 1 to 2mm. in thickness, was interposed be- 
tween the two surfaces, so as to prevent bouncing and provide a mechan- 
ical contact and impedence of the same‘order as that offered by the whole 
lung of a sheep. The electromagnetic transmitter was connected as 
shown on the diagram and readings were made on the thermocouple gal- 
vanometer for a number of frequencies of oscillation. Thus done, the 
readings made through a thin piece of lung were reproduced from day 
to day with close agreement. These figures were considered to repre- 
sent “standard” transmission for the different frequencies. Then the 
“energy-transmission” through lungs in our experiments was calculated 
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from the galvanometer readings made with these lungs during experi- 
ments on a percentage basis, referred to the “‘standard” readings for the 
same frequencies. Whenever any experiment was performed, a set of 
“standard” readings for each frequency used during the experiment was 
obtained immediately after it, to check the validity of the results. 

Photographs of the wave-form of vibrations, which were picked up by 
the electromagnetic transmitter through a thin slice of lung, showed 
sine waves for all frequencies above 250 cycles per second. Below that 
there were harmonics, which were traced to the characteristics of the 
vibrator in large part, and so for this report all readings of oscillations 
below 250 per second have been discarded. Accordingly, it is impos- 
sible to settle the relative transmissibility of a// the frequencies within the 
physiological range of normal lungs from these data alone. 

When a portion of a whole lung was used in an experiment, the appara- 
tus was arranged in the same way, except that a light Boulitte spring was 
used to keep the tension of the vibrator against the lung and transmitter 


constant. No vibrations of the frame or from the floor could be detected. 


RESULTS ON EXENTERATED LUNGS 


Vibrations produced by the oscillator and vibrator were first forced 
through exenterated sheep’s lungs. Regardless of the thickness and 
inflation of the lung, it was found that results could not be reproduced 
unless readings’ followed one another immediately. On one occasion 
a lung was arranged in place 36 minutes after the throat of the sheep was 
cut in the slaughter-house; the lung was not moved throughout the ex- 
periment; inflation was kept constant at 22 cm. of water; the tension of 
the vibrator was kept constant with a spring; readings were made at 
intervals for 53 hours. During the first hour, the results changed only 
slightly, although the thickness of the lung between the vibrator and trans- 
mitter decreased from 5.0 to 4.3 cm. After the first hour a marked in- 
crease in the transmission of vibrations took place and yet the thickness 
of the lung decreased only 3 mm. during the rest of the 43 hours. At 
the beginning, all conduction was relatively poor. At the end, frequencies 
between 470 and 860 cycles per second were transmitted best and had 
risen to 10-15 times the original readings. 

Other similar results on exenterated lungs indicated that it was futile 
to expect normal physiological data on dead tissues. 
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EXPERIMENTS ON LIVING ANIMALS 


Two experiments on dogs and two on sheep were then performed. The 
arrangement and technique are much the same in all of them. The re- 
sults agreed in all essentials. Since the last one contains the most com- 
plete protocol, it is reported here alone. 

The operations were performed by Dr. E. W. Phillips and one of us 
(W. J. M.S.). We are indebted to Dr. Phillips for his assistance and 
judgment in the problem. 

A sheep was anaesthetized with amytal, given intravenously, and was 
placed with the left side of its thorax down on the table. The lower ribs 
were exposed in line with the right scapula. Resection was made of three 
ribs, so as to provide ample room for the lower part of the right lung to be 
brought up posterolaterally and be suspended outside the thorax, without 
stretching the lung and without contact between it and the chest-wall. A 
glass tube was inserted into the trachea and was pushed down into the 
right main bronchus where it was tied in place. The free end of the tube 
was connected with a manometer, through which inflation of the right lung 
could be kept at any desired pressure. Artificial respiration was con- 
ducted with the left lung which remained im situ in the chest. The con- 
dition of the aniimal seemed to be good although cyanosis began to appear 
in the suspended lung after about 3 hours; after 53 hours the animal was 
killed by clamping the aorta. 

Thus a preparation was made in which any thickness of lung and its 
inflation at any pressure might be selected, while circulation, moisture 
from gauze wet with saline solution, and body-heat were maintained. 

Parts of the suspended lung were chosen; the vibrator and transmitter 
were adjusted on either side with good contact against the surfaces of 
the lung; their tension was brought to the proper reading on the spring; 
the manometer was checked and the thickness of lung-tissue was 
measured. 

Oscillations were then forced on the lung, The results of this experi- 
ment are summarized in the table on chart 6. The frequencies that 
appear there were chosen, as the result of previous experience, as the 
most likely to yield high readings. In addition, the variable condenser 
was slowly run up through the entire range of frequency to 1000 cycles 
per second, in order to determine whether or not there were any peaks of 
good transmission which lay between the frequencies reported on the 
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table. That procedure was omitted only when the lung was 4 cm. thick 
and inflated at a pressure of 9 cm. of water. With the other degrees of 
thickness and inflation that are listed, no such peaks were found when 
looked for. 

In general, the table shows that the thinner the lung, the better the 
transmission, as is expected. Also, it is evident that oscillations of rela- 
tively high frequency are easy to force on living lungs outside the thoracic 
cavity. The trend of all our experiments on this type of preparation 
suggests strongly the existence of a scattering of peaks of relatively good 
conduction at different frequencies, rather than a smooth falling off of 
conduction as the rate of vibration is increased. Thus it has often been 
found that the transmission of oscillations of 670 to 690, and of 750 to 
770, at times of about 860 cycles per second, is much better than that of 
frequencies between 250 and 400 per second on the lungs of living dogs and 
sheep. 

The question of inherent frequencies in the apparatus which might 
emphasize these peaks has, of course, been considered. But, even if 
existent, they could not affect the figures, since the percentage method of 
calculation would eliminate them. As already stated, the “standard”’ 
and the experimental readings, from which the percentages are worked 
out, are all obtained on the same set-up and on the same day; only the 
condition of the interposing lung is varied. 

The factors that made the most marked variation in results were the 
tension on the spring that held the vibrator-lung-transmitter system in 
contact and the thickness of the tissue interposed between the vibrator 
and transmitter. Consequently, particular attention was paid to these 
features in the experiment reported here. The exact pressure at which 
the living lung was inflated seemed to make relatively little difference in 
the efficiency of transmission. 

After the sheep was killed, the lung was sectioned. It appeared to us 
normal on gross appearance. Microscopic examination of a piece from 
the area through which vibrations were forced was made by Dr. H. P. 
Smith, who stated that “the lung parenchyma seems normal; there is 
some peribronchial reaction; slight infiltration of eosinophiles, lympho- 
cytes and polymorphonuclears. This peribronchial reaction seems to be 
somewhat beyond the limits of normal but it is not at all extreme.” Dr. 
Smith added that he was using the standards of human pathology in 
this examination. 
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RESUME 


The work of other investigators, particularly that of Bass, has shown 
that the total intact chest filters out pure tones that are forced on it when 
their frequency is above about 400 cycles per second. 

An apparatus was set up here which allowed vibrations to be forced on 
isolated lung-tissue; a receiving electromagnetic microphone picked up 
the vibrations which were transmitted through lung-substance; compari- 
sons were made between the extents to which oscillations of different fre- 
quencies were conducted. The frequency of the forced vibrations was 
controlled by an oscillator. The “standard” transmission of different 
frequencies for this apparatus was experimentally determined. Photo- 
graphs of the “standard” transmission on an oscillograph proved that 
sine waves were produced in the system for all frequencies above 250 
cycles per second. Data obtained with lower frequencies were accord- 
ingly discarded. The “energy-transmission” was determined by refer- 
ring the experimental readings on lungs to the standard transmission of 
the set-up, on a percentage basis. 

Vibrations produced by this apparatus were forced on exenterated 
sheep’s lungs. The readings changed greatly as time went on. If quan- 
titative studies of this type are to be valid on exenterated lung-tissue, it 
seems that they should be completed immediately after the death of the 
animal. 

The right lung was brought up through an incision in the chest of an 
anaesthetized animal at operation and was loosely suspended while vibra- 
tions were forced through this living tissue with the apparatus described. 
Four experiments of this kind were performed, two on dogs and two on 
sheep, with confirmatory results on all. Inflation of the suspended lung 
was controlled by a manometer and the thickness of selected portions of 
the lung was measured. 

The general results of these experiments with lungs suspended out of 
the thoraces of living animals seemed to show that decreased tension of 
the vibrator against the surface of the lung and increased thickness of the 
lung-tissue lessened the transmission of forced vibrations most notice- 
ably, while increased pressure of inflation of the lung reduced conduction 
of vibrations to less extent. Frequencies of oscillation at intervals up to 
1000 cycles per second can be readily forced on living lung-tissue; above 
that, the transmission disappears rapidly and apparently completely. 
The results of one experiment on a living sheep’s lung are summarized in 
an appended table. 
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The transmission of vibrations through living lung-tissue of dogs and 
sheep does not occur to an equal extent for successive frequencies of os- 
cillation. There are scattered peaks of good conduction for different fre- 
quencies between 250 and 1000 cycles per second. The influence of 
factors such as inflation and thickness of lung on the position of these 
peaks has not been worked out. 


SUMMARY 


Graphic record of the reflected sounds and of the vibrations transmitted 

through the thorax were simultaneously obtained on percussion of the 
chest. The transmitted vibrations differed from the reflected notes in 
appearance. 

The reflected notes conformed to current descriptions of resonance, 
flatness, tympany, etc. 

In the empty chest of a sheep from which lungs and heart had been 
removed through the diaphragm, the transmitted vibrations were slow, 
wide and regular. These low-pitched tones were considered to represent 
pure thoracic ‘‘cage resonance.” The presence of lungs in this same chest, 
in the living sheep before exenteration, altered the appearance of the trans- 
mitted note to some extent; the pitch was slightly higher and the wave- 
form somewhat less regular with lungs than without them. The records 
on normal human subjects resembled those on the living sheep in essen- 
tial features. Provided they are not conducted from the site of percus- 
sion directly along the course of ribs to the microphone, the vibrations 
of all transmitted notes in normal chests are believed to indicate the 
“cage resonance” of the chests containing lungs. Vibrations between 90 
and 130 cycles per second are uniformly present in these notes and oscil- 
lations as low as 30 and also as high as 160 per second may occur. High- 
pitched vibrations are effectively suppressed in the transmitted notes 
which are attributed to cage resonance. 

The reflected percussion-note of fresh exenterated sheep’s lungs con- 
tains a definite low-pitched fundamental note (below 130 cycles per sec- 
ond) as proved by an electrical filter but the vibrations which predomin- 
ate on the graphic records of percussion on these lungs are higher pitched 
(250 to 350 per second). 

Lungs that were loosely suspended outside the thoraces of living dogs 
and sheep transmitted forced vibrations of still higher pitch (above 250 
cycles per second). Peaks of good conduction of vibration through these 
living lungs occurred as the frequency of vibrations produced by an os- 
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cillator was raised from 250 to 1000 cycles per second. The transmission 
of oscillations above about 1000 per cecond was completely suppressed 


in these lungs. 
Some literature on forced periodic vibrations in pulmonary acoustics 


is reviewed. 
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THE CELLULAR REACTIONS TO PRIMARY INFECTION 
AND REINFECTION WITH THE TUBERCLE BACILLUS! 


Il. THE CELLS OF PERITONEAL EXUDATE PRODUCED BY THE 
LOCAL INJECTION OF TUBERCLE BACILLI INTO NORMAL 
SENSITIZED GUINEA PIGS 


LEROY U. GARDNER 


The first paper of this series (1) dealt with qualitative differences 
produced in the fixed tissues of the peritoneal cavities of normal and 
sensitized guinea pigs by the local injection of tubercle bacilli. It was 
then noted that the response of these tissues did not differ from that 
previously described in other parts of the body. Both the normal and 
sensitized subperitoneal structures reacted promptly with acute exuda- 
tion which was thought to be a nonspecific response to the material 
injected. In the norma] animal this initial inflammatory reaction 
completely disappeared after 48 hours, but in the one previously sensi- 
tized exudative manifestations continued without abatement throughout 
the period of observation. Acute inflammatory changes of moderate 
severity reappeared in the primarily infected animal after 10 to 17 days, 
when tubercle-formation had been completed and tissue sensitization was 
in progress. 

The present communication will be concerned with an attempt to 
treat the changes quantitatively. On the assumption that reactions 
in the fixed tissues will be reflected in the character of the free cells of 
the peritoneal exudate, it was determined to use the latter as an index of 
such reaction. A preliminary report of this phase of the work was made 
at the annual meeting of the National Tuberculosis Association in 1925 
(2), and these results were used in the discussion of the cellular changes 
in immunity in tuberculosis found in Chapter VI of the Trudeau Founda- 
tion Study, Tuberculosis, Bacteriology, Pathology and Laboratory Diagnosis 
(3). Subsequent study has demonstrated that the conclusions reached 
at that time must be modified. 

The essential characteristics of the earlier phases of reaction during the 


1 From the Saranac Laboratory for the Study of Tuberculosis, the Edward L. Trudeau 
Foundation, Saranac Lake, New York. 
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first four days after infection were, in general, correctly described. At 
that time, however, it was assumed that the normal differential cell count 
of peritoneal fluids from all guinea pigs was the same. Subsequently it 
was discovered that different “normal” guinea pigs vary in the relative 
numbers of lymphocytes, monocytes and eosinophiles found in the peri- 
toneal fluid. These findings have been discussed elsewhere (4). They 
only affect the initial reaction to infection in so far as the basic level for 
the various cells is concerned. In the period subsequent to four to 
six days after inoculation the conclusions previously published are largely 
erroneous. Two factors were responsible: observations were made at 
intervals too widely separated to catch certain transitory phases of the 
reaction, and the results were expressed as averages of the percentages 
of the different types of cells found in different animals killed at given 
intervals after infection. While it was necessary to kill the animals to 
obtain material for histological examination, nevertheless it was illogical 
to assume that each would react to irritation at the same rate and that a 
true representation of the sequence of events could be obtained by plot- 
ting curves based on counts from different animals. Only by following 
the course of the reaction from day to day in single animals can a true 
representation of this varying picture be obtained. To average the 
results so obtained will entirely obscure certain important transient 
phases of cellular reaction. At the present time curves have been plotted 
of the variations in the peritoneal cells of over 100 guinea pigs during 
periods from 15 minutes to many months after infection with tubercle 
bacilli. The results now seem sufficiently consistent to warrant the 
publication of a final report. 

In the previous communications dealing with these qualitative cellular 
changes, special emphasis was laid upon the early period of reaction, 
that is, that during the first week after inoculation. Later work also 
included the terminal aspects of tuberculous infection. The appearance 
of a well-marked lymphocytosis in the peritoneal fluid naturally suggested 
the investigation of immunity and hypersensitiveness in relation to the 
cellular picture. The discovery that certain apparently normal animals 
constantly exhibited high lymphocyte counts in the peritoneal fluid 
suggested a means for determining whether the lymphocyte is a cause or 
an effect of increased resistance to tuberculous infection. 

No claim to originality is made for the method used; in fact, this pro- 
cedure has been previously employed with the same object in view by 
Manwaring and Bronfenbrenner (5), by Rist, Rolland and Kindberg (6), 
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and by several other observers. This study, however, has been less 
concerned with the fate of the injected tubercle bacilli than those of the 
previous observers. For this purpose their technique has been modified 
by the use of supravital staining to permit of differentiation between 
monocytes and lymphocytes. The study of the cells in the living con- 
dition also affords opportunity to observe early degenerative changes 
which cannot be detected in fixed preparations. Comparative tests 
have furnished conclusive evidence that the distribution of cells in a 
properly made supravital preparation is much superior to that obtainable 
by any known method for fixed smears. Greater accuracy in counting 
can therefore be claimed for the method employed. 


EXPERIMENTAL PROCEDURES 


Guinea pigs were used throughout the experiment. In most instances 
several samples of normal peritoneal fluid were withdrawn before sensi- 
tizing the animals and before making the test inoculations within the 
peritoneum. Approximately 0.5 cc. of fluid can readily be obtained 
by the insertion of a glass capillary tube into the right lower quadrant 
of the abdomen after incision of the skin. It is not necessary to inject 
salt solution to obtain fluid for such examinations; on the contrary, such 
injections are distinctly contraindicated, for any solution which has thus 
far been tried is sufficiently irritating to provoke alterations in the cell 
picture. The mechanical stimulus of repeated punctures, on the other 
hand, apparently is not sufficient to alter the normal cell relationships. 
(See figures 3 and 4.) With experience, perforation of the intestines and 
of large vessels can generally be avoided, although the latter accident 
will occasionally happen even with the greatest care. 

A small drop of fluid obtained by this means is placed on ascrupulously 
cleaned cover-slip which is immediately turned, face down, upon a slide 
previously coated with a dried alcoholic solution of neutral red or neutral 
red and Janus green. (Sabin (7) has accurately described this technique 
in connection with her numerous studies upon the blood.) It is impor- 
tant that the drop of fluid be not too large, for if this is the case the 
polynuclear neutrophiles and eosinophiles will be found attached to the 
glass, while the lymphocytes and monocytes will float free in fluid be- 
neath, necessitating continual focusing in making a count. The cover- 
glass, inverted on the dried slide, is immediately sealed with “‘salvoline”’ 
and placed on the stage of a microscope kept in a warm box at 37.5°C. 
After 5 or 10 minutes the various cells will have taken up sufficient dye 
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from the slide so that their characteristics become apparent and a differ- 
ential count can be made. With the neutral red alone they will remain 
alive and in good condition for 2 or more hours; when Janus green is 
added, they begin to die within 15 or 20 minutes. For reasons which 
will be discussed, total cell counts have not been made. 

Sensitization of the animals has been secured by the subcutaneous 
injection of tubercle bacilli of attenuated virulence (strain R1) into 
the axilla, a point as far removed as possible from the peritoneal cavity. 
Test inoculations have been made directly into the peritoneum, using 
this same low-virulent tubercle bacillus and also the fully virulent human 
strains, H37 and H60. In preparing the suspensions for this purpose, 
great care has been taken to avoid the introduction of clumps of organ- 
isms. Portions of the thin veil from the edge of a two weeks’ glycerine or 
synthetic broth culture have been thoroughly triturated in a glass mortar, 
gradually adding physiological salt solution until the volume reaches 
about 15 cc. The suspension is decanted into a centrifuge tube, centrif- 
ugated at high speed for 5 minutes and the supernatant fluid is filtered 
through paper. Samples of the water-clear filtrate are placed on a clean 
slide previously smeared with albumen fixative, fixed by heat, and 
stained by the Ziehl-Neelsen method. Counts of the average number of 
isolated organisms per oil-immersion field have served as the basis for 
dosage. In the experiment to be reported 0.5 and 1 cc. of suspensions, 
varying from 1 to 200 single organisms per oil-immersion field, have been 
employed for intraperitoneal inoculation. 


THE NORMAL PERITONEAL FLUID 


The cellular constituents of the normal peritoneal fluid in the guinea 
pig have been discussed in another publication (4). They consist chiefly 
of lymphocytes, monocytes and eosinophiles with a very few polynuclear 
neutrophiles. Basophilic cells have been seen only in old animals sub- 
jected to repeated paracenteses, but even in them they are exceedingly 
rare. To establish the normal peritoneal cell picture, counts were made 
upon the fluid of 233 apparently healthy guinea pigs. It was found 
that the relative number of lymphocytes and monocytes generally tended 
to remain constant over long periods of time, but that the eosinophiles 
were extremely variable in number. In one animal 13 differential cell 
counts were made during a period of 660 days. In the first count the 
monocyte-lymphocyte ratio was 67/7; in the last count it was 53/11. 
Only once during this time did the curves exhibit much variation, when 
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the ratio rose to 87/3. The upper curve in figure 4 is a graphic represen- 
tation of the variation in the cells of a control animal (1E), tapped ten 
times during a period of 58 days. Among the entire group of apparently 
healthy guinea pigs, 65 per cent yielded peritoneal fluids in which the 
lymphocytes constituted less than 15 per cent of the cells with monocytes 
far in excess. While as a general rule this ratio has remained quite 
constant over periods of months, in a certain number of animals the 
lymphocytes have increased at the expense of the monocytes, either 
temporarily or permanently. The reverse condition, in which mono- 
cytes, originally few in number, came to exceed the lymphocytes, has 
been observed only once. As has been said, the occurrence of eosino- 
philes is much less constant. They may exhibit extreme variations even 
from day to day, but this factor has been of little import in the study to 
be reported, as the eosinophile practically disappears after local infection 
of the peritoneal cavity has become established. Polynuclear neutro- 
philes usually constitute less than 0.5 per cent of the cells present, unless 
salt solution has been injected to obtain fluid, or unless some acute infec- 
tion is present in the thoracic or peritoneal cavity. Table 1, taken from 
the above-mentioned paper, summarizes the findings in the normal 
peritoneal fluid. 

TABLE 1 


“ 83 “LYMPHOCYTE” 
150 “wonocyTE” ANIMALS ANIMALS 


Averages Averages 
(%) Limits (%) (%) Limits (%) 


0.13 0-2 0.1 0-2 


It is believed that the figures for the larger group designated as “‘mono- 
cyte” animals, with high monocytes and low lymphocytes, represent the 
“normal’’ péritoneal cell picture. A relative lymphocytosis is probably 
the result of some unrecognized chronic infection like otitis media, 
cholecystitis, or enteritis, often due to organisms of the paratyphoid 
group. 

PERITONEAL EXUDATES 
Fluid Volume: A few preliminary experiences in attempting to de- 
termine the absolute numbers of the various types of cells in inflammatory 
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peritoneal exudates of infected animals clearly demonstrated a difficulty 
which had already been pointed out by Manwaring and Bronfenbrenner 
(loc. cit.). The variation in the amount of fluid in an exudate so alters 
the dilution of the cells that comparisons based on total counts are of 
little significance. For example, 24 or 48 hours after a primary intra- 
peritoneal inoculation with tubercle bacilli the exudate contains so little 
fluid that often none can be withdrawn by paracentesis; at best, a single 
drop of thick, viscid material very rich in cells may be drawn into the 
end of the pipette. On the other hand, later in the course of the disease, 
it frequently happens that 2 or 3 cc. of watery fluid with relatively few 
cells will run into the pipette. The authors mentioned attempted to 
overcome this dilemma by first establishing the volume of the peritoneal 
fluid in the normal guinea pig; then, by measuring the amount of fluid 
present in a given animal, they could compute the degree of abnormal 
dilution of the cells in the exudate. Such a procedure, however, necessi- 
tates killing an animal, opening its peritoneal cavity, and carefully 
collecting all of the fluid from the visceral surfaces. For reasons already 
discussed, repeated observations on the same animal were considered so 
essential that the method of Manwaring and Bronfenbrenner could not 
be used. As no other means for determining the variation in fluid 
volume in the living animal have been discovered, total cell counts were 
discarded, and it has been necessary to express the results in percentages 
rather than as absolute numbers of cells. This has been done with the 
greatest reluctance, as it will be shown that the differences between pri- 
mary infections and reinfections are Jargely a matter of the numbers 
rather than of the type of cells involved. Nevertheless, certain other 
results obtained warrant the publication of the results. 

Erythrocytes may appear in the peritoneal fluid as a result of accidental 
contamination, but they are also a normal constituent of the reaction in 
an allergic animal. Immediately before death the fluid of all animals 
usually contains very considerable numbers of red cells. Inno case has 
an attempt been made to record their number. 


REACTION OF THE NORMAL PERITONEAL CAVITY TO TUBERCLE BACILLI 


Early Phases: Under this heading both the period of nonspecific 
inflammation and a portion of that of focal proliferation will be con- 
sidered, as their manifestations in the exudate cells are not sharply sepa- 
rated. Figure 1 illustrates the relative changes in the various types of 
cells of two guinea pigs (2H and 3H) after the local injection of 1 cc. 


4 
i 
H 
if 
4 
4 
| 
3 
7 
j 
a 
3 
i 
iy 


385 


CELLULAR REACTIONS TO PRIMARY AND REINFECTION 


of a suspension of tubercle bacilli (Strain R1). This suspension was 
water-clear and showed an average of 18 to 20 isolated organisms per 
oil-immersion field. Both animals are of the “normal” type in which 
the number of monocytes exceeds that of the lymphocytes. In the 
five months previous to inoculation the first animal has maintained 
a relatively constant ratio of lymphocytes, monocytes and eosinophiles; 
in the second one, there is a marked fall in the number of lymphocytes 
which is not characteristic. In each case the eosinophile curve exhibits 
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Fic. 1. Early phases of reaction to primary intraperitoneal infection with tubercle bacilli 
(strain R1) followed in two animals (2H and 3H). 


marked irregularity. It should be noted that in both animals polynuclear 
neutrophiles are entirely lacking previous to the time of inoculation. 
During the first 30 minutes after inoculation, there is a slight increase 
in lymphocytes and eosinophiles, but within an hour neutrophiles begin 
to appear in increasing numbers, with a corresponding depression in 
other types of cells. At 4 hours the polynuclear leucocytes reach a 
maximum of 85 to 90 per cent, but they in turn decrease again until the 
twelfth hour, when they constitute about 60 per cent of thecells. During 
the remainder of this day and the next two they are still present, but 
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gradually diminish in number so that by the fourth day they have almost 
disappeared. 

Coincident with the development of this polynucleosis equally marked 
changes in the monocytes are in progress. At the height of the neutro- 
philic reaction the monocyte curve falls to less than 5 per cent, but it 
begins to rise again quite promptly. It reaches its normal preinfection 
level at some time during the second day, and then continues to rise 
until monocytes are far in excess of all other types of cells. The eosino- 
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‘Fic. 2. Later phases of reaction in same animals illustrated in figure 1. (Note that the 
time-scale is now in days.) 


philes and lymphocytes exhibited a transitory rise immediately after the 
inoculation, and then decreased very rapidly during the subsequent 4 
hours of the acute exudation. Thereafter they remain low throughout 
the following four days. 

A comparative study of the fixed tissues during this period offers 
an explanation for the changes in the exudate cells. In the first paper 
dealing with those structures it was noted that the vascular changes 
characteristic of acute exudative inflammation began to appear as early 
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as 15 minutes after the injection of tubercle bacilli. Enough polynuclear 

leucocytes migrate from the blood-vessels to be detected in the free 
peritoneal fluid within 30 to 60 minutes. Their accumulation is reflected 
in the curve during the next 4 hours. Up to this time the fluid is watery 
in consistence, although its turbidity gradually increases. After the 
fourth hour it becomes viscid and clots readily, indicating that fibrin is 
forming. Its volume apparently begins to decrease, as samples are now 
less readily obtained. 

The sections at the fourth to the eighth hour showed increasingly large 
masses of leucocytes adhering to the peritoneal surfaces; this is reflected 
in the curve by the fall in neutrophiles. This withdrawal of cells from 
the fluid to the fixed elements continues for about 24 hours. Animals 
killed after that time showed practically no neutrophiles in the tissue; 
in the curves, however, some such cells continue to be present during 
the following 3 days. It has not been definitely proved whether this 
discrepancy is altogether due to differences in the reaction rate of in- 
dividual animals, or whether, as seems more likely, the leucocytes are 
again liberated from the fixed structures and undergo digestion in the 
fluid. 

Before describing the mechanism for removal of the leucocytes it is 
necessary to follow the behavior of the monocytes. At about the fourth 
or fifth hour sections of the fixed tissues showed large clumps of mononu- 
clear leucocytes adhering to their free surfaces. These clumps, it is 
assumed, represent the normal monocytes and lymphocytes of the 
peritoneal fluid which are actually withdrawn during the onset of acute 
inflammation. The monocytes, which do occur in the samples of fluid 
withdrawn at this time, are grouped together in clumps, suggesting that 
their surfaces have become viscid and sticky. This alteration is also 
probably responsible for their adhesion to permanent structures and 
consequent removal from the free fluid. By the fourth or sixth hour 
many of them have again been released and the monocyte curve now 
rises. 

Twenty-four hours after infection the character of the exudate has 
changed very markedly. Its fluid content is greatly reduced and the 
cells are very concentrated. Often a single drop of thick viscid fluid is 
withdrawn with difficulty. Examination of this fluid shows a most 
remarkable alteration in monocytes. They have enlarged to three or 
four times their normal size, and the usual compact rosette of neutral-red 
granules, uniformly brick-red in color, has disappeared. The staining 


| 

i 

4 

i 

i 
| 

i 

i 

a 

4 


388 LEROY U. GARDNER 


elements are scattered throughout the cells, and they exhibit marked 
variation in size and color. Within their cytoplasm are many polynu- 
clear leucocytes in various stages of digestion. In some very large 
mononuclear cells as many as 30 partially digested neutrophiles have been 
counted. The ingested cells stain with neutral red, which exhibits 
characteristic variations in shade corresponding to differences in hydro- 
gen-ion concentration. It is deep purplish-red in the nuclei of freshly 
ingested cells, while pale yellow-pink vacuoles mark the areas occupied 
by cells already completely digested. The process of digestion occupies 
the next few days, and finally eliminates the neutrophiles. Throughout 
the period the monocyte curve continues to rise due to an influx of young 
monocytes with typical small rosettes of neutral-red granules and a very 
few mitochondria stained by Janus green. 

In the tabulation both the large physiological active cells and these 
new, apparently young cells have been grouped together as monocytes 
rather than classifying them separately as clasmatocytes and monocytes, 
as Sabin woulddo. The new cells appearing in the fluid are undoubtedly 
the product of the mitotic divisions seen at 48 hours in the sections in 
the masses of monocytes adherent to the peritoneal surfaces. Not in- 
frequently dividing cells are also found in the free fluid. The continued 
multiplication of these elements during the following week or 10 days is 
largely responsible for the progressive rise in the monocyte curve. It also 
seems probable that many of the original large monocytes, which have 
completed their process of digestion, again assume the inactive state with 
a resumption of the typical neutral-red granule rosette. In support of 
this view is the occurrence of large monocytes with a rosette, typical 
except for the size of the granules and a small vacuole containing partially 
digested material. As time goes on, such atypical cells become fewer 
in number, and no evidence that they are injured, and in turn ingested by 
other cells, has been discovered. Many of them must of course find 
their way into the lymphatics, as they can be recognized in the histologi- 
cal sections of the lymph nodes draining the peritoneal cavity. 


Summary: The early reaction of the peritoneum to the injection of 
tubercle bacilli is characterized by the prompt development of a poly- 
nucleosis of haematogenous origin. Accompanying it is a relative 
decrease in the other cellular elements, which are temporarily fixed to the 
peritoneal surfaces by an increased stickiness of the monocytes. The 
neutrophilic leucocytes are gradually removed in three or four days by 
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the phagocytic activity of the monocytes. The latter cells begin to 
increase in number as soon as the polynucleosis has passed its maximum 
intensity. New monocytes are formed by the multiplication of older 
cells of like nature occurring both in the fluid and fixed tissues. The 
lymphocytes and eosinophiles undergo no characteristic changes during 
this phase of the reaction. 

The changes described for these two animals are in every respect charac- 
teristic. Observations of this period have now been made on over 70 
animals, injected both with the R1 low-virulent tubercle bacillus, and 
with two virulent human strains, H37 and H60, using doses which varied 
from 1 to 200 organisms per oil-immersion field. Animals with normally 
low lymphocytic counts and others with high counts have been studied, 
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Fic. 3. Response to intraperitoneal injection of physiological salt solution 


and in each case the alterations of the cell picture have been the same. 
They have occurred within approximately the same period of time, with 
this exception, that when the smallest dosage (0.5 cc. of suspension con- 
taining only 1 bacillus per field) was employed, the relative polynucleosis 
often failed to become so marked and it tended to subside more rapidly— 
sometimes within 24 hours. 


Specificity of the Early Reaction: To determine in how far the early 
inflammatory reaction is specific, similar counts have been made after the 
injection of various control substances. Ten guinea pigs were injected 
intraperitoneally with 0.5 cc. of physiological salt solution. Figure 3 
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illustrates the cell change in one of them. It exhibits the same early 
polynucleosis seen in the guinea pigs injected with tubercle bacilli, 
although the rise is not so high. It is accompanied by a proportional 
decrease in the other cells, and by a rapid recovery of the monocytes, 
which temporarily exceed their original number and then gradually 
subside. ‘The other animals also showed the same type of reaction. 

As a further control the experience from another experiment may be 
mentioned. Employing the peritoneal cavity of the guinea pig to de- 
termine the rate of phagocytosis of various types of dust particles, dif- 
ferential cell counts were made in 25 animals at intervals after injection. 
In many others no actual counts were made, but note was taken of 
the prevalence of various types of cells. In these experiments the 
dust particles were suspended in sterile distilled water, but the same 
response of neutrophilic leucocytes occurred within an hour after injec- 
tion; the reaction persisted for about two days and then subsided with a 
complete restoration of the normal cell picture. 

Finally a few observations on the intraperitoneal injection of tuberculo- 
proteins and lipins have likewise demonstrated the same characteristic 
abrupt rise in polynuclear neutrophiles occurring after 4 to 6 hours, 
followed by their gradual elimination. This acute response was suc- 
ceeded in turn by an overproduction of monocytes. Within 14to20days 
the whole reaction subsided and the original ratios normal to the particu- 
lar animal were restored. 

The degree of polynucleosis was greatest when the ingested material 
contained protein, and the experience with different doses of tubercle 
bacilli would suggest that it is proportional to the amount of protein in- 
jected. However, no attempt has been made to study this factor quanti- 
tatively. The outstanding fact is the development of a transitory 
leucocytosis after the injection of a variety of substances, salt solution, 
distilled-water suspensions of dusts, tuberculoproteins and lipins. For 
these reasons it is felt that the initial phases of the reaction to tubercle 
bacilli pictured in figure 1 are largely nonspecific in character. 


Second Phase, Focal Proliferation: The beginning of this phase of the 
reaction is marked by no abrupt change in the curves of the various 
peritoneal cells. It is characterized by the maintenance of a high 
percentage of monocytes, higher than that normal to the individual 
animal. The lymphocytes and eosinophiles in the meantime remain at 
very low levels. The increase in monocytes, which were shown to be the 
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offspring of preéxisting cells of this type, began before the acute, non- 
specific reaction had subsided. This is shown in figures 1 and 2. The 
latter represents the continuation of the observations on the same two 
animals followed in figure 1. It should be noted that the scale has been 
changed and that the intervals of time are now one day. The ratio of 
high monocytes to low lymphocytes and eosinophiles continues over a 
period of 6 or 7 days. During this time masses of monocytes were form- 
ing on the peritoneal surfaces, with evidence of active multiplication of 
these cells. Many of the immature forms escape into the free fluid of 
the peritoneum and are responsible for the continued high monocyte 
count. From histological evidence the phase has been characterized as 
one of focal proliferation. 


Third Phase, Tubercle-Formation: This period is likewise marked by 
no alteration in the relative number of the various types of free peritoneal 
cells. However, there are morphological changes in the monocytes, 
which appear at about the same time at which histological tubercle was 
recognizable in the fixed tissues. These alterations in the monocytes 
Sabin (7) has described as characteristic of the epithelioid cell. In 
supravitally stained preparations the rosette of neutral-red granules 
increases in size, the individual granules become exceedingly fine, and 
fat droplets are visible in the cytoplasm. Giant cells with multiple 
rosettes are encountered sometimes even in the free fluid exudate. Such 
changes are presumably due to toxic effects exerted by the protein liber- 
ated from bacilli killed in the previous stages of the reaction. Cells of this 
character were first observed in the fluid from the animals charted in 
figures 1 and 2 on the seventh day after infection. Their appearance 
suggests that tubercle-formation in the fixed tissues is now in progréss 
and they would therefore serve to mark the beginning of this third phase. 

During the stages of focal proliferation and the early part of that of 
tubercle-formation, the exudate has remained limpid in character, with 
abundant fluid and relatively large numbers of cells. The monocytes 
appear to have lost the stickiness which they acquired during the non- 
specific inflammation and are widely separated in the fluid. At about the 
ninth or tenth day they again exhibit a marked tendency to clumping, 
which makes counting difficult (as many as 600 to 1,000 cells were classi- 
fied for each differential count at this period). Asa result of this renewed 
stickiness the monocytes again adhere to one another and to the parietal 
structures, so that the number of free cells rapidly falls. That the 
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decrease in number is due to this mechanism rather than to a destruction 
of monocytes is suggested by the absence of degenerated forms and 
phagocytosis by other cells. 

The lymphocytes which almost disappeared from the picture during 
the period of nonspecific inflammation return to their normal level 
when focal proliferation begin. As tubercles are formed, the number 
of these cells increases slightly. Then, quite suddenly, a marked activity 
of lymphoid cells becomes manifest. Large lymphoblasts appear in the 
exudate in increasing numbers. They exhibit a slow motility, progressing 
with the nucleus foremost, as described by Sabin. These large cells 
give rise to mature small lymphocytes which are also abnormally motile. 
The number of lymphoid cells increases not only relatively at the expense 
of the other types but also absolutely, for the total number of cells per 
microscopic field is obviously excessive at this time. In making differen- 
tial counts both lymphoblasts and lymphocytes have been classified to- 
gether aslymphocytes. Thecurves in figure 2 indicate that lymphocytes 
increase rapidly between the tenth and thirteenth day, and that thereafter 
they remain very high. In the first animal (2H) represented, the curves 
for monocytes and Jymphocytes cross abruptly, but in the second one (3H) 


a period of two or three days elapses before the change in ratio becomes 
permanent. 

The eosinophiles, which had almost disappeared shortly after inocula- 
tion, exhibit a definite increase in number during the period of tubercle- 
formation. Such a rise has been noted in the majority of the animals 
studied, although it has occasionally been lacking. Its significance will 
be discussed in connection with hypersensitiveness. 


Fourth Phase, Hypersensitiveness: The crossing of the curves of the 
monocytes and lymphocytes marks the beginning of the phase of hyper- 
sensitiveness. As will be shown below, the change in the ratios of these 
two types of cells is always coincident with the development of skin 
hypersensitiveness to tuberculin. Aside from the accumulation of 
lymphocytes in the peripheral layers of the tubercle, no corresponding 
histological reaction has been observed. The tissue effect apparently 
takes place so gradually that it has hitherto escaped attention as a definite 
period in the course of tuberculous infection. Once tubercle has formed, 
hypersensitiveness continues with occasional] periods of depression, until 
shortly before the death of the animal. Such periods are presumably 
reflected in the temporary depressions in the lymphocytic curve, such as 
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that occurring on the 18th day in animal 3H of figure 2. At such times 
the monocytes exhibit a corresponding increase. Coincidently there is 
also a slight transitory increase in neutrophiles, but they rarely constitute 
more than 5 per cent of the total number of cells. Eosinophiles are 
practically absent. 

The characteristic feature of the phase of hypersensitiveness is a uni- 
formly high lymphocytosis (80 to 90 per cent). This is notonly relative, 
but absolute, for the number of cells per field is now increased 400 to 500 
per cent. The amount of fluid in the exudate is increased. Except 
during the occasional slight polynucleoses, the cells are well separated 
and there is no tendency to clumping. 

Five phases in the reaction of the normal, nonsensitized peritoneal 
cavity to tuberculous infection have been recognized. They may be 
summarized as follows: 


Phase I: Nonspecific exudative inflammation, characterized by a relative poly- 
nucleosis; duration, 2 to 3 days. 

Phase IT: Focal proliferation, characterized by an increasingly high mono- 
nucleosis; duration, 4 to 6 days. 

Phase III: Tubercle-formation, characterized by the appearance of the epi- 
thelioid type of monocytes in the fluid exudate; duration, 6 to 8 days. 

Phase IV: Hypersensitiveness, initiated by the sudden reversal in the mono- 
cyte-lymphocyte ratio; characterized by a high relative and absolute lympho- 
cytosis, and by skin hypersensitiveness; duration, until shortly before the 


death of the animal. 
(Phase V: Terminal anergy; this phase will be discussed in the next section.) 


REINFECTIONS AND HYPERSENSITIVENESS 


In this study the peritoneal tissues have been rendered hypersensitive 
by the injection of Jow-virulent tubercle bacilli into the subcutaneous 
tissue of the axilla, a point as far removed as possible from the peritoneal 
cavity. Such inoculations produce no local tubercles in the subperi- 
toneal structures. This technique was used in order to avoid compli- 
cated cellular changes which would be difficult to interpret. The 
development of hypersensitiveness has been detected by the intracu- 
taneous injection of Old Tuberculin. Experiments are contemplated in 
which it is hoped to demonstrate the local effects of this substance on the 
peritoneal exudate cells. 
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Effects of Subcutaneous Tuberculous Infection upon the Cells of the 
Peritoneal Fluid: The second curve in figure 4 represents the cellular 
changes following subcutaneous injection of R1 tubercle bacilli in the 
right axiJla. It shows that after such infection the peritoneal monocytes 
tend to decrease in number and that the lymphocytes exhibit correspond- 
ing increase. Intracutaneous tuberculin tests, using 0.1 cc. of 5 percent 
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Fic. 4. Upper curve shows the effect of repeated peritoneal puncture in the same normal 
guinea pig (1E). Lower curve shows the effect of a subcutaneous injection of attenuated 
tubercle bacilli (strain R1) in an otherwise normal animal. 


Old Tuberculin, were made on the fifth, eighth, tenth and eighteenth 
daysafterinfection. The first test isnegative, and themonocyte-lympho- 
cyte ratio remains practically unchanged. The second on the eighth 
day shows a well-marked erythema and a slight induration at the site of 
injection; at this time the ratio is lowered. On the tenth day the indura- 
tion is much more marked, but the curves have again separated. On 
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the eighteenth day the skin test becomes definitely positive with a slight 
area of necrosis after 48 hours. The monocyte and lymphocyte curves 
now approach very close to one another, and the ratio would have been 
1:1, except for the development of a slight increase in neutrophiles. 
At some time between the twenty-fifth and the forty-sixth days, when no 
observations were made, the curves cross and the normal ratio is re- 
versed. On the forty-sixth day the skin test is not so well marked, al- 
though the lymphocytes are high at this time. This discrepancy is 
probably due to the incidental development of “enteritis,” which appears 
to blunt the sensitiveness of the skin to tuberculin. This curve is typical 
of a group of 10 animals treated in the same manner. The unfortunate 
complicating intestinal infection prevented the experiment from being 
carried further, but the point was established that a subcutaneous inocu- 
lation with tubercle bacilli would be reflected in the cells of the peritoneal 
fluid. With the establishment of tissue hypersensitiveness the peritoneal 
monocytes tend to decrease, and at the same time the lymphocytes in- 
crease in number. The change does not develop so abruptly, and it 
does not necessarily exhibit such regularity as in the case of the local 
hypersensitiveness produced by direct inoculation of the peritoneal 
cavity, but nevertheless the tendency to a reversal of the normal mono- 
cyte-lymphocyte ratio is demonstrated. 

That the effect in this case is not produced by accidental variations in 
the counts may be judged by comparing this curve with that of animal E1 
(figure 4), an uninfected animal of the same group whose cells were 
counted on the same days. 

It might be argued that the tuberculin injected was responsible, but 
this is disproved by a study of figure 5, in which two animals received 
three injections of tuberculin after their hypersensitiveness had developed, 
and no effect upon the cell picture can be detected. Finally, intracu- 
taneous tuberculin injections into 6 normal animals in no way affected 
their peritoneal cells. 


The Local Hypersensitive Response to Peritoneal Tubercle: This subject 
has already been considered in connection with phase IV of the reaction 
to primary infection. In that place it was noted that the reversal of the 
monocyte-lymphocyte ratio occurs rather abruptly at approximately the 
same time as that at which the skin becomes sensitive to tuberculin. 
Usually the crossing of the curves for the two types of cells precedes the 
appearance of the skin reaction by one or two days, and this might be 
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expected, as the response to the local infection would presumably be 
first manifested in the immediate vicinity. 

This relationship between the peritoneal cells and skin hypersensitive- 
ness is well demonstrated in figure 5. The curves illustrate the cell] 
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Fic. 5. Coincident development of skin hypersensitiveness and the reversal of the lympho- 
cyte-monocyte ratios. Upper curve, that of a sickly animal (3A) with a delayed reaction. 
Lower curve, the same in a normal animal (4A). 


changes in two guinea pigs, 3A and 4A, members of a group of animals 
studied simultaneously. Both of them were of the “low-lymphocyte 
type;” they were of the same size and sex; and both were infected with a 
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carefully measured dose of virulent tubercle bacilli (87,500 organisms of 
strain H37). Three counts were made on each member of the group 
before the time of intraperitoneal infection. On that day it was noted 
that animal 3A seemed thin and weak, but nevertheless it was inoculated 
along with its fellows. The entire group was subjected to repeated 
paracentesis, and tuberculin skin tests were done on the thirteenth, 
twenty-first, twenty-sixth and twenty-ninth days. The immediate 
response of the undernourished animal 3A to the infection was typical, 
but later its monocytes failed to fall after 8 to 12 days, as occurred in the 
other members of the group, changes which are illustrated in the lower 
curve for animal 4A. Furthermore, the sickly 3A guinea pig failed to 
give a positive skin reaction until the twenty-ninth day, whereas the other 
members of the group had all become positive on the thirteenth day. 
When this atypical animal did respond to tuberculin, the reaction was 
weak, with considerable erythema, but with a minimal amount of indura- 
tion. The significant feature is the fact that the crossing of the mono- 
cyte-lymphocyte curves now occurs at approximately the same time with 
the development of this weak tuberculin reaction. Unfortunately the 
animal died ten days later of “enteritis” before further skin tests had 
been made. ‘The last count on the day before death revealed the charac- 
teristic picture of hypersensitiveness. It is well known that emaciated, 
undernourished animals fail to react to tuberculin. Such stress is laid 
upon the atypical animal to emphasize the close association between the 
development of tuberculin sensitivity and the reversal of the monocyte- 
lymphocyte ratio. 


Infection of the Sensitized Peritoneal Cavity: The study of the reaction 
to the introduction of tubercle bacilli into the peritoneal cavity of animals, 
whose tissues have been made sensitive by the previous subcutaneous 
inoculation of low-virulent tubercle bacilli, constitutes one of the main 
objects of this paper. Most unfortunately, the investigation has dis- 
closed the fact that the main differences between the reaction to tubercle 
bacilli in the normal tissues and in those previously sensitized are mani- 
fested quantitatively in the numbers of cells involved, rather than by 
any striking qualitative variations. It wil be recalled that technical 
difficulties were encountered which have prevented the repeated quanti- 
tative estimation of the exudate cells in the living animal. Since the 
volume of fluid, and consequently the dilution of the cells in the peritoneal 
exudate, varies so markedly at different periods in the reaction, calcula- 
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tion of the absolute number of cells per unit volume has been abandoned. 
Nevertheless, it seems probable that many more cells respond to a given 
infection of sensitized tissues than to an equivalent one in the normal 
animal. 

Many total cell counts made during the first few hours after infection 
of the normal and sensitive peritoneal cavities show that the number of 
cells per cubic millimetre of fluid is at least two to four times as great in 
the latter. However, the differences are not consistently maintained, 
presumably because of variations in the dilution factor. The total 
counts for three characteristic pairs of animals counted during the first 
24 hours after infection are shown in table 2. 


TABLE 2 


4 HOUR 1 HOUR 2 HOURS 5 HOURS 24 HOURS 


Normal (I) 360 1,440 3,740 7,760 | Q.N.S. 
Sensitized (1) 6,260 5,650 15,320 | 21,120} 10,450 


Normal (V) 580 560 | 1,900] 47,800] Q.NS. 
Sensitized (5) 1,680 | 4,320 | 10,720} 22,000] 20,000 


Normal (III) 930 840 4,270 | 18,250 
Sensitized (3) 2,050 4,160 15,360 | 13,350 


Only a few total counts have been taken during the later periods of the 
reaction, and these with some exceptions are higher in the fluid from 
sensitive animals. The impression obtained from the smears used for 
supravital differential-cell counts strengthens the conviction that 
higher counts are the rule in reinfections. 

There are, however, certain differences in the behavior of the peritoneal 
cells in the two groups which are of real significance. They are illus- 
trated in figure 6, which details the peritoneal cellular reactions of two 
animals to local infection with a virulent human tubercle bacillus, strain 
H60. The first plot (animal 6B) illustrates a primary infection, and the 
second one (animal 1B) shows the corresponding changes in a sensitized 
guinea pig. In the normal animal skin hypersensitiveness and the 
reversal of the monocyte-lymphocyte ratio takes place on the fifteenth 
day. The second animal, number 1B, exhibits the same effects on the 
day after infection. This accelerated development of heightened local 
and generalized hypersensitiveness in a reinfected animal is in entire 
accord with previous knowledge. 
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The course of events in the sensitized animal is reflected in the curves. 
The cellular changes produced by the subcutaneous sensitizing infection 
are not so marked as those seen in animal E10 of figure 4, but they are 
consistent with a mild infection. On the twenty-third day after the 
subcutaneous injection of the attenuated bacilli, the skin reacts weakly 
to tuberculin and there is a slight decrease in monocytes accompanied by 
a corresponding rise in lymphocytes and eosinophiles. Had the observa- 
tions been more frequent, possibly more pronounced cellular changes 
would have been discovered. 
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Fic. 6. Comparison of reaction to intraperitoneal injection of tubercle bacilli in a normal 
guinea pig (6B) with that in a previously sensitized animal (1B). 


On the day following the test inoculation in the previously sensitized 
animal 1B, the monocyte-lymphocyte ratio exhibits an abrupt reversal, 
a change which required 15 days to effect in the normal animal. No 
tuberculin test was made until the fifteenth day, but it may be assumed 
that the skin would have been highly sensitive at this time. 

Fifty-six pairs of normal and sensitized guinea pigs have been followed 
in this manner, and the earlier development of a lymphocytosis initiated 
by a crossing of the monocyte-lymphocyte curves, together with intensi- 
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fied skin sensitiveness to tuberculin, has regularly characterized the 
reinfection. In point of time, the change has occurred from 9 to 21 days 
earlier in the sensitive animals. When sensitization had been instituted 
only about three weeks before intraperitoneal inoculation, the lympho- 
cytosis developed promptly within one or two days. When an interval of 
several months elapsed between the two infections, a longer period was 
required. 

These observations are consistent with the known facts regarding 
reinfection and skin hypersensitiveness. An animal infected with low- 
virulent tubercle bacilli tends to react much less vigorously to intracu- 
taneous injections of tuberculin as time progresses, but reinfection of that 
animal restores the skin hypersensitiveness to its original level in a very 
much shorter time than would be required to create this condition anew 
in a normal individual. 

The accelerated development of lymphocytosis and hypersensitiveness 
is the outstanding feature of this study, which has distinguished primary 
infection from reinfection in the peritoneal cavity. Had it been possible 
to plot the cells on the basis of absolute numbers rather than percentages 
it seems most probable that significant differences in the numbers of the 
various cells involved would also have been discovered. 


Terminal Anergy: Since hypersensitiveness and high lymphocytosis 
have been shown to appear at the same time, it becomes pertinent to 
inqu're whether they continue to parallel one another throughout the 
life of the animal. Cl'nical experience has shown that patients very sick 
with chronic tuberculosis fail to react to ordinary doses of tuberculin 
injected into the skin. A few tests in guinea pigs had indicated that he 
cutaneous allergy was diminished in the terminal stages of the disease. In 
such cases there was also a tendency for the lymphocytes to decrease in 
numbers, and the curve for these cells approached that of the monocytes. 
The terminal stages in animal 6B, illustrated infigure6, are an example of 
such reaction. Sixty-four days after infection the fluid contains almost 
equal numbers of these two types of cells; but on the sixty-sixth and the 
seventy-second days the lymphocytes rise again and the curves diverge. 
Intracutaneous injection of tuberculin at this time elicits only a very 
slight response. No further observations were made before the death of 
the animal, which occurred 8 days later. Animal 6A in figure 7 presents 
a similar picture. 

To determine whether a reversal of the lymphocyte-monocyte ratio 
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and a coincident depression of skin hypersensitiveness regularly occur 
shortly before death, 24 animals, half of which had been sensitized 133 
days previously by subcutaneous injection of R1 organisms into the right 
axilla, were infected intraperitoneally with 0.5 cc. of a very dilute sus- 
pension of the virulent tubercle bacillus H37, containing only one single 
organism per oil-immersion field. The dose was made very small so 
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Fic. 7. Terminal anergy in two animals, one previously sensitized (24D), and the other 
receiving a primary infection (6A). 


that the disease produced might become chronicin nature. Counts were 
made at relatively wide intervals during the course of the disease, pur- 
posely avoiding the period of nonspecific inflammation with its rapidly 
developing changes. Tuberculin tests were also made at intervals after 
the reinfection, attempting to space them so that several tests would be 
done in the last few days before death. Every precaution was taken to 
inject the same amount of Old Tuberculin in each test, and fresh dilutions 
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from the same stock bottle were always made. Unfortunately, it proved 
most difficult to estimate the time at which death could be expected, and 
many animals died before the terminal series of tests was completed. 
Animal 24D in figure 7 is representative. It shows very well the relative 
lymphocytosis due to subcutaneous sensitization and an accompanying 
transitory eosinophilia; it shows the very high lymphocytosis which 
developed after reinfection. During the latter period the tuberculin re- 
action was strongly positive. Throughout the last month of life the curve 
for the lymphocytes began to fall and approach that of the monocytes; 
then a remission and finally again an approximation of the two curves. 
The last skin test showed erythema and a moderate amount of induration. 
There the record stops, and the animal which was judged to be in fairly 
good condition died of generalized visceral tuberculosis 7 days later. 
This was the story in every member of the group. Had daily counts and 
more frequent skin tests been made during thelast month, more conclusive 
evidence might have been obtained to demonstrate a terminal decrease 
of lymphocytes coincident with diminishing skin hypersensitiveness. 
However, the evidence from animals like 6B, 6A, and 24D seemed suff- 
ciently suggestive, so that this long and rather tedious experiment was 
not repeated. 


Influence of a Preéxisting Peritoneal Lymphocytosis upon Infection: 
For many years the literature on tuberculosis has contained sporadic 
papers dealing with the protective action of the lymphocytes against the 
tubercle bacillus. Many different observations still continue to suggest 
an association between a lymphocytosis and immunity in tuberculosis. 
It is pertinent to inquire, first, whether such a relationship exists, and, 
second, if it does, which is cause and which is effect. The preceding 
portions of this paper have demonstrated that a lymphocytosis is present 
in the stages of tuberculous infection characterized by marked hyper- 
sensitiveness. During a large part of this period immunity is also 
relatively high. Are the factors of hypersensitiveness and immunity 
the result of the increased numbers of lymphocytes, or are these lympho- 
cytes merely the manifestation of one or both of these conditions? 

The discovery that about 35 per cent of apparently normal guinea pigs 
exhibit peritoneal fluids in which the relative numbers of ]ymphocytes 
remain constantly high, over periods of many months, suggested a 
method to approach this problem. The cause of the increased peritoneal 
lymphocytosis in certain animals is not definitely known, but there is 
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considerable evidence for believing that it is the result of accidental 
infection in some other part of the body. Autopsy of some of these 
“high-lymphocyte” animals dying during the course of the experiment 
has demonstrated lesions like chronic cholecystitis and otitis media. In 
others there is an enteritis manifested by distention of the intestines 
with gas and fluid, together with an acute inflammatory oedema of the 
mesenteric lymph nodes. From many of these lesions a small gram- 
negative bacillus of the parathyroid group can beisolated. The majority 
of the high-lymphocyte animals do not die of their infections, and they 
have remained in apparent health for two or more years; if they are killed, 
no anatomical lesion is demonstrated. It seems not unlikely that other 
chronic infections, besides that with the tubercle bacillus, produce an 
allergic lymphocytosis which may persist long after the gross lesions of 
the disease have healed. 

The peritoneal cavity of such animals, in which a high degree of local 
lymphocytosis is constantly maintained, offers a suitable environment for 
testing the effect of the lymphocyte upon injected tubercle bacilli. Two 
experiments have been done, in which the reaction to a carefully measured 
dose of bacilli in high-lymphocyte animals was compared with that in the 
“normal” low-lymphocyte guinea pig. Note was made of the cellular 
changes, the time of appearance of hypersensitiveness to tuberculin, the 
duration of life, and the character of the lesions produced. 

In the first series there were 9 guinea pigs whose lymphocytes remained 
consistently Jow (less than 15 per cent, and in most cases less than 10 
per cent) in 4 counts taken over a period of 2 weeks. Forcomparison, a 
group of 13 animals with peritoneal lymphocytes varying from 25 to 80 
per cent was selected. Both groups were infected at the same time by 
direct intraperitoneal injections of 87,500 virulent tubercle bacilli, 
strain H37, suspended in 0.5 cc. of physiological salt solution. One 
member of the first group (3A) died of acute enteritis on the thirty- 
ninth day. Its cells have been plotted in figure 5. Another died of 
acute nontuberculous pneumonia. ‘Two members of the second, or high 
lymphocyte group, also died of enteritis. These four animals have not 
been included in the tabulation of results. There remained 7 low- and 
11 high-lymphocyte guinea pigs which ultimately died of tuberculosis. 
In the former “normal” group the average duration of life was 83.1 
days, with limits from 44 to 180, while in the test series the average life 
was only 66.7 days, with limits of 44 to 100 days. 
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Approximately the same difference in duration of life was found in a 
second series of animals. In this case there were 9 low-lymphocyte 
animals and 10 with high lymphocytes. The ratios in this case had been 
maintained fora period of nearly5 months. For intraperitoneal infection 
a very dilute suspension of the same strain of tubercle bacillus, H37, was 
used; it contained only 1 organism per oil-immersion field. In the nor- 
mal animals the average duration of life was 31.2 days (limits 59 to 114 
days) and in those with a lymphocytosis the average was 76 days, with 
limits of 50 to 113 days. 

In each experiment the cellular changes in the two groups were not 
essentially different, except for the fact that, after the period of acute 
exudation of neutrophiles, the lymphocytes returned to their normal 
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Fic. 8. Reaction to intraperitoneal injection of tubercle bacilli in a nonsensitive animal 
with high lymphocytes (224A). 


high level, which was maintained during the phases of focal proliferation 
and tubercle-formation (see figure 8). 

Skin hypersensitiveness and the reversal of the monocyte-lymphocyte 
ratios occurred from one to three days earlier in the lymphocyte animals. 
There was no consistent difference in character of the local lesions 
developing in the two groups, and the amount of visceral involvement 
was equally extensive in both. If any difference existed, it consisted 
in a slighter amount of local involvement of the peritoneal surfaces in the 
group with a high lymphocytosis, but there were glaring exceptions in 
each category. 

This experience suggests that the mere presence of an excessive number 
of lymphocytes in the area in which the tubercles are forming does not 
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offer an effective resistance to the growth and development of the tuber- 
cle bacilli. If anything, the animals with a local lymphocytosis lived 
a shorter time than those with no excess of these cells. For this reason, 
it would appear that the lymphocytosis in well-resisted tuberculous 
infection is a result rather than a cause of an altered immunological state. 


DISCUSSION 


The study has shown that by repeated observations on the same animal 

it is possible to establish a definite sequence of events in the cellular 
responses of the peritoneal fluid to the local injection of tubercle bacilli. 
The cellular picture is not merely one in which neutrophiles, lymphocytes 
or monocytes predominate, depending upon dosage and hypersensitive- 
ness, but there are definite conditions which determinewhen each of the 
various types of cells will appear and disappear from the fluid. Many 
of these observations have been made before, but they have been largely 
lost sight of by observers in the field of tuberculosis. 

The work has in a measure failed in its initial purpose to establish a 
quantitative basis for differentiating between the cellular reactions to 
primary infections and reinfections with the tubercle bacillus. It has 
been shown that such differences undoubtedly exist, but that they are of 
degree rather than of kind. However, no method has yet been discovered 
which can adequately measure these differences. In both cases the 
injection of the bacilli elicits a prompt inflammatory exudation of 
neutrophiles; in the sensitized animal the number of these cells is greater 
than that in the normal one. This exudation is largely nonspecific 
in nature, for no dose of bacilli used has been too small to produce it, 
and even sterile physiological salt solution has had the same effect. Itis 
true that increasing quantitites of protein in the injected fluid provoke 
more severe reactions, but the differences are quantitative rather than 
qualitative. 

The elimination of the acute inflammatory elements is accomplished 
by means of local phagocytosis and intracellular digestion. It would 
appear that this process is a function of the monocytes already present 
in the peritoneal fluid. After intracellular digestion is completed, 
many of the monocytes remove from the peritoneal cavity to the lymph 
nodes by way of the lymphatic vessels, while others remain in the 
exudate. The observations in these experiments, together with those 
on the origin of the alveolar phagocyte in the lung (9), suggest that the 
monocyte may assume different forms which vary with its physiological 
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activity. In the resting state the cells are small, with compact rosettes 
of small neutral-red granules in the indentation of the kidney-shaped 
nuclei. After several neutrophiles have been ingested, the cell enlarges, 
the rosette is broken up, and the granules now scattered through the 
cytoplasm vary in size and color. After digestion is largely completed 
the granules again collect into a compact rosette, but they often still 
present variation in size and reaction. Finally the cell returns to the 
normal inactive state, whichis so familiar in the monocytes of the circulat- 
ing blood. This conception is at variance with the teach’ngs of Sabin 
(8) and her associates, who believe that the large phagocytic cells are of 
a separate and distinct type which they call clasmatocytes. But the 
following observations lend support to the view that both monocyte and 
clasmatocyte forms are exhibited by the same cell whose structural 
composition seems altered with its physiological activities. Typical 
blood or peritoneal-fluid monocytes, kept on the warm-stage of a micro- 
scope for several hours, undergo a gradual transformation and finally 
become indistinguishable from clasmatocytes. When neutral red is 
injected into the trachea of an animal just prior to death, cells with typi- 
cal monocyte staining appear in the air-spaces. Incubation of the body 
of this animal for 15 to 30 minutes causes the cells to change form, and 
they then present the clasmatocyte grouping of the granules. Finally, 
various transition forms are encountered in the peritoneal-exudate mono- 
cytes, which are completing the process of intracellular digestion. Such 
cells present characteristics of both clasmatocytes and monocytes. 

For these reasons, all the large mononuclear elements of the exudate 
have been grouped together as monocytes and their variations have been 
plotted in one continuous curve. 

In this examination o! the purely local effects of tuberculous infection 
any attempt at correlation with the corresponding blood changes has been 
avoided. Medlar (14) has shown that a polynuclear leucocytosis appears 
in the blood when a tuberculous focus is softening and undergoing exten- 
sion. While histological examinations reveal that the subperitoneal 
tubercles do at times contain many neutrophiles, the majority of these 
cells remain in the tissues. At irregular intervals a few escape into the 
fluid exudate, but they rarely constitute more than 5 per cent of the 
cells. Immediately before death they may rise to higher levels. Occa- 
sionally there is a suggestion that the repeated intracutaneous injections 
of tuberculin may have produced slight reactions in the subperitoneal 
foci, for considerable numbers of erythrocytes and neutrophiles some- 
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times appear on the day after skin-testing. There has been, however, 
no marked increase in neutrophiles, such as Medlar has found in the blood. 
This is probably due to the fact that the peritoneal fluid does not reflect 
a stimulation of the bone-marrow as in the case of the circulating blood. 

It has been noted that eosinophiles are extremely variable in the normal 
animal, but that they generally disappear as soon as a tuberculous infec- 
tion has become established. There is, however, a more or less definite 
tendency for a slight transitory increase of these cells to occur during the 
period when hypersensitiveness is developing. This effect is not mani- 
fested in every animal. In this connection it is interesting to recall the 
eosinophilia of the sputum in the hypersensitive asthmatic and the tissue 
eosinophilia seen in the peribronchial structures of the lung reacting 
acutely to reinfection with tubercle bacilli. 

The most striking result of this investigation is the coincident develop- 
ment of skin hypersensitiveness and lymphocytosis in the peritoneal 
fluid of animals inoculated with the tubercle bacillus. Collections of 
lymphocytes in the peripheral layers of the tubercle have long been 
recognized as one of the essential characteristics of that structure, but 
no successful attempt to correlate their appearance with immunological 
states has been reported. This study has shown that lymphoid cells of 
the peritoneal fluid exhibit marked activity during the completion of the 
formation of the first tubercles in the body, and that, shortly before the 
skin becomes sensitive to tuberculin, the relative and absolute number of 
lymphocytes surpasses that of all othercells. The effect is most striking 
when the inoculation is made locally into the peritoneum, but there is a 
definite tendency for the lymphocytes to increase after subcutaneous 
injection of tubercle bacilli. Local infection of the peritoneum of a 
normal guinea pig produces a lymphocytosis in the exudate some ten to 
twenty days after inoculation. In the animal previously sensitized by 
subcutaneous infection with low-virulent tubercle bacilli the peritoneal 
fluid already exhibits a lymphocytosis of moderate degree. A local 
reinfection directly into the cavity brings about a very prompt and very 
marked increase in the number of these cells. The accelerated response 
takes place in one to six days. 

In the reinfected animal the factors which determine the time at which 
the sudden increase in lymphocytes will occur are apparently the amount 
and the state of activity of sensitizing infection. If the latter is of recent 
origin and presumably quite active, only a day or two will be required to 
accentuate its effect. When, on the other hand, the sensitizing infection 
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antedates the test inoculation by many months, five or six days are 
required to effect the same change. This finding is in complete accord 
with what has been discovered concerning skin hypersensitiveness, 
Long after infection with attenuated tubercle bacilli, the capacity of the 
skin to react to tuberculin becomes very much reduced, but a new infec- 
tion will restore its sensitiveness very quickly. 

The factors responsible for the variation in the time of development of 
skin hypersensitiveness and lymphocytosis in primary infections are 
less obvious. It has been found that these changes generally appear 
between the eighth and the tenth day, regardless of the dosage or the 
virulence of the organisms injected. Only in emaciated animals, such as 
3A, has this time been increased. Four similar instances have been 
observed. It has long been recognized that impaired nutrition is usually 
associated with lack of skin hypersensitiveness, but the cause has not been 
determined. On the other hand, those animals which exhibit a high, 
nonspecific lymphocyte count previous to primary inoculation tend to 
develop skin hypersensitiveness and a sudden increase in peritoneal 
lymphocytosis several days earlier than normal guinea pigs with the 
“monocyte” type of fluid. 

This observation leads to the consideration of the general relationship 
between immunity and lymphocytosis. Bergel (10), Webb (11), Hussey 
(12), Cunningham (13), Medlar (14), and others have correlated clinical 
improvement with a relative lymphocytosis in the blood. Bartel (15) 
assumed that since tuberculous lesions in the lymph nodes did not tend 
to progress (he presumably had the lesions of reinfection in mind) some 
restraining influence was exerted by the lymphocytes upon the tubercle 
bacillus. The work of these authors and that of many others suggests 
that a state of resistance is in some way linked with the development of 
excessive numbers of lymphocytes, which appear not only locally in the 
wall of the tubercles and in the surrounding exudates like that in the 
peritoneal cavity, but also in the blood-stream. 

The experiments in this paper, dealing with animals in which a local 
lymphocytosis was already in existence at the time of inoculation, fur- 
nishes no evidence for believing that lymphoid cells in themselves offer 
effective resistance to the development of a primary tuberculous infection. 
It has been common experience in this laboratory that the presence of a 
local infection like endemic pneumonia in an animal subjected to inhala- 
tion infection with tubercle bacilli prevents the formation of tubercles. 
This has been assumed to be largely a mechanical effect due to failure 
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of the bacilli to localize under conditions proper for infection to occur. 
However, Petroff, Branch and Jennings (16) have reported experiences 
with the chronic infections of the middle ear and sinuses such as have 
given rise to peritoneal lymphocytosis in the experiments under considera- 
tion in which the mechanical factors could not come into play. These 
authors state that, “When a slight amount of any intercurrent disease 
occurred in the sensitized animals, the extent of tuberculosis was found to 
be minimal. This did not hold for the controls” (nonsensitized). 
From their results one might expect to find an excessively high lympho- 
cytosis in the sensitized guinea pigs, due both to the preéxisting chronic 
infection and to the intraperitoneal inoculation of the killed tubercle 
bacilli employed for sensitization. Possibly under such conditions the 
lymphocytosis or the state which produced it was sufficiently potent to 
exert a measurable effect upon a test inoculation made directly into the 
peritoneal cavity. 

It would appear that a lymphocytosis and the capacity of the skin to react 
allergically to the injection of tuberculin are both manifestations of the 
hypersensitive state. They appear simultaneously and they tend to 
decrease in severity at the same time during the terminal stage of the 
infection. 

Whether lymphocytosis is indicative of immunity or hypersensitiveness 
or both has not been established. Krause (17) has demonstrated that 
both conditions appear simultaneously, and he like many other observers 
believes that hypersensitiveness is a function of immunity. Rich (18) 
has presented data to show that they are not necessarily associated, and 
that one may be present in the absence of the other. In this connection 
some unpublished experiments started by M. Nasta in this laboratory are 
ofinterest. He followed the cellular changes of the peritoneal fluid in the 
white rat after the local injection of tubercle bacilli. The natural im- 
munity of this animal to the tubercle bacillus and its lack of tuberculin 
sensitivity are well known. Nevertheless the changes in the peritoneal 
cells of the white rat corresponded very closely to those in the guinea pig, 
and a high lymphocytosis marked the final stages of the reaction. The 
behavior of this animal to tuberculous infection will be more fully dis- 
cussed in a subsequent paper of the series by Smith and McConkey. 
Here it suffices to remark that a lymphocytosis may appear without 
manifestation of hypersensitiveness and possibly the cellular picture is 
indicative of an immunity which is even accentuated in this normally 
immune animal. 
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A recent paper by Rist and Jonesco (19) is of significance in this con- 
nection, for it bears upon the relationship between the cell picture of an 
exudate and its bacteriocidal properties. These authors have been 
studying the exudates developing in pneumothorax cavities. They find 
that, if a dilute suspension of tubercle bacilli from a glycerinated potato 
slant is mixed with the fluid portion of such an exudate and incubated for 
varying periods at body temperature, inhibitory effects are exhibited by 
fluids which contained polynuclear neutrophiles in excess. The longer 
the period of incubation preliminary to culture or animal inoculation, 
the more pronounced is the inhibition. Fluids in which lymphocytes 
predominated, on the other hand, possess no such restraining influence. 
To them, the presence of an acute allergic inflammation with numerous 
polynuclear leucocytes in the exudate would be the manifestation of 
highest immunity; in the presence of a lymphocytosis the diseases could 
continue to progress. They do not mention hypersensitiveness in this 
connection. 

On the other hand, Bail (20) by a similar technique demonstrated the 
toxicity of an allergic exudate without reference to its immune properties. 
He sensitized the peritoneal cavity by the local injection of a milligram or 
less of virulent tubercle bacilli. After an interval of 1 to 3 weeks, he 
reinfected the same area with very large doses of the same organisms 
(50 to 100 mgm. and even 800 mgm. in a few cases). His animals died 
within 5 to 12 hours. The cells in the exudate were usually lymphocytes. 
Removing the cellular elements by centrifugation, he mixed the super- 
natant fluid with young tubercle bacilli from cultures and at once in- 
jected this mixture into young guinea pigs not over 200 gm. in weight. 
If the exudate in the original animal had contained only lymphocytes, 
the second guinea pig invariably died within 24 hours; if polynuclear 
leucocytes had been present, the test animal did not die. In a second 
paper (21) Bail explains his results. The toxicity of the mixture of 
peritoneal fluid and young tubercle bacilli was due to aggressins liberated 
in a lysis of the bacteria, similar to that in the cholera vibrios of the 
classical Pfeiffer phenomenon. When only lymphocytes occurred in 
the fluid, the aggressins were free to act, but, if polynuclear leucocytes 
were present, these bodies were opposed by antibodies from the inflam- 
matory cells. Undoubtedly his excessive dosage in reinfection often 
paralyzed the mechanism of vascular exudation, so that only the Iympho- 
cytes of his sensitizing infection were present. 

From the examples cited, the need for further work is obvious. To 
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one observer a lymphocytosis spells hypersensitiveness; to another it 
means immunity; to still another its appearance signalizes a period of 
lessened resistance to the multiplication of the infecting organisms. The 
simplified conditions in the peritoneum of the experimental animal, which 
can be studied first in its normal state, then after sensitization, and finally 
throughout the course of a reinfection, should prove most helpful. It is 
felt that the present study serves its purpose in establishing a foundation 
for future work. 


SUMMARY 


The course of a local tuberculous infection in the peritoneal cavity of 
the guinea pig can be followed in samples of the exudate withdrawn at 
serial intervals. Five phases of the reaction to a primary infection are 
discernible: 

I. Nonspecific inflammation; characterized by a high leucocytosis; 
2 to 3 days in duration. 

II. Focal proliferation; characterized by a rapidly increasing 
mononucleosis; 4 to 6 days in duration. 

III. Tubercle-formation; characterized by a high mononucleosis 
and the appearance of epithelioid cells; 6 to 8 days in duration. 

IV. Hypersensitiveness; characterized by a high lymphocytosis 
which develops suddenly a few days before the manifestation of skin 
hypersensitiveness; duration, untill shortly before the death of the animal. 

V. Anergy; characterized by irregular vacillations in the lympho- 
cyte-monocyte ratio, and by decreasing skin hypersensitiveness. 

Subcutaneous infection with tubercle bacilli in distant parts of the body 
produces changes in the peritoneal fluid, analogous to but not so well 
marked as those due to local infection. These consist in a transitory 
rise in the number of eosinophiles and a more or less permanent increase 
in lymphocytes. 

Reinfection in the peritoneal cavity of animals previously sensitized by 
subcutaneous inoculations is met by the same type of cellular reactions 
as those found in primary infections of normal guinea pigs. The number 
of cells responding to reinfections is presumably greater than that in 
primary infections, but technical difficulties have prevented quantitative 
measurements of these differences. The most striking variation observed 
between the reaction to primary and reinfection is the accelerated 
development of a lymphocytosis in the latter. 

Lymphocytosis in the peritoneal exudate has been found to develop 


| 
i 
4 


412 LEROY U. GARDNER 


coincident with skin hypersensitiveness. Its degree varies directly 
with the intensity of the skin reaction. 

A lymphocytosis is present in the peritoneal fluid of about 35 per cent 
of apparently normal guinea pigs; itis possibly a manifestation of allergy 
to chronic or healed nontuberculous infections in various parts of the 
body. ‘The peritoneal cavity of such guinea pigs does not appear to be 
any more resistant to local inoculation of tubercle bacilli than that of the 
normal guinea pigs in which monocytes are the predominating cells. 

The relationships between lymphocytosis and hypersensitiveness and 
immunity have been discussed. It has been concluded that the lympho- 
cytosis is a result rather than a cause of the changed immunological state. 
Whether it indicates hypersensitiveness or immunity or both has not 
yet been determined. 

In a discussion of the cellular reactions constituting the phase of non- 
specific inflammation, reasons have been offered for believing that both 
the clasmatocyte and the monocyte of Sabin’s classification are one and 
the same type of cell; and that its morphological characteristics vary with 
its state of physiological activity. 


Grateful acknowledgment is made to Mr. Samuel Eckert, whose generosity has made 
possible the continuation of these studies during the past six years. 


REFERENCES 


(1) GARDNER, L. U.: Amer. Rev. Tuberc., 1929, xx, 201. 
(2) GarpneR, L. U.: Tr. Nat. Tuberc. Assn., 1925. 
(3) Batpwiy, E. R., PEtRorr, S. A., GARDNER, L. U.: Tuberculosis, bacteriology, pathol- 
ogy and laboratory diagnosis, Lea & Febiger, Philadelphia, 1927. 
(4) GarpnER, L. U.: Proc. Soc. Exp. Biol. & Med., 1929, xxvi, 690. 
(5) Manwarinc, W. H., AND BRONFENBRENNER, J.: J. Exp. Med., 1913, xviii, 601. 
(6) Rist, E., RoLLanp, J., and Kinpserc, M. L.: Ann. Méd., 1914, i, 310, 375. 
(7) Cunnincuay, R. S., Sasin, F. R., Sucryama, S., AND Kinpwa tt, J. A.: Bull. Johns 
Hopkins Hosp., 1925, xxxvii, 231. 
(8) Saprn, F. R., Doan, C. A., AnD CunnincHAY, R. S.: Contributions to embryology, 
Ixxxii, publication 361 of the Carnegie Institution. 
(9) Garpner, L. U.: Amer. J. Path., 1927, iii, 445. 
(10) BreRcEL, S.: Die Lymphocytose, Springer, Berlin, 1921. 
(11) Wess, G. B., GrrBert, G. B., AND NEwMaN, J. A.: Amer. Rev. Tuberc., 1923, vi, 1073. 
(12) Hussey, R. G.: J. Exp. Med., 1921, xxxiii, 337. 
(13) Cunnincuay, R. S., AND Tompxins, E. H.: Amer. Rev. Tuberc., 1928, xvii, 204. 
(14) Meprar, E. M.: Ibid., 1927, xvi, 6. 
(15) BARTEL, J., AND NEUMANN, W.: Centralbl. f. Bakteriol., etc., I. Abt., Orig., 1906, xl, 518. 
(16) Perrorr, S. A., BRANCH, A., AND JENNINGS, F. B., JR.: Jour. Immunol., 1929, xvi, 233. 
(17) Krause, A. K.: Jour. Med. Res., 1916, xxxv, 1. 
(18) Ric, A. R.: Bull. Johns Hopkins Hosp., 1929, xliv, 273. 
(19) Rist, E., AND JonEsco, V.-T.: Ann. Méd., 1929, xxvi, 301. 
(20) Bart, O.: Wien. klin. Wchnschr., 1904, xvii, 846. 
(21) Batt, O.: Ibid., 1905, xviii, 211. 


| 
| 


THE RELATIONS OF THE INTRAPULMONARY 
LYMPHOID TISSUE TO THE BRONCHI 
IN THE RABBIT! 


HENRY STUART WILLIS 


In 1920, while working in this laboratory, Dr. A. B. Craddock drew our 
attention to several instances of a hitherto undescribed appearance of 
the mucosa covering deposits of lymphoid tissue in the bronchial wall 
of the rabbit. Opportunity has now permitted us to investigate the 
condition observed by him, and the results of the study are recounted 
in this paper. 

Our knowledge of the histology of pulmonary lymphoid tissue in 
general, while far from complete, is comparatively accurate, thanks to the 
work of Miller and others. In the central regions of the lung and near 
the hilum it is found in comparatively large collections in the form of true 
lymph nodes with germinal centres. In the peripheral regions, on the 
other hand, the lymphoid tissue is represented by small aggregates of 
lymphoid cells arranged in a loose and irregular manner. These lym- 
phoid masses, both large and small, are always to be found at the points 
of bifurcation of the bronchi and pulmonary blood-vessels and are con- 
nected by lymphatics which run in the adventitial layer of these 
structures. 

The physiology of the lymph-stream in the lung is less well known. 
However, it seems certain that a flow of lymph is maintained from 
periphery to hilum, by way of the lymphatics in the walls of the bronchi 
and blood-vessels, and that the lymphoid masses represent, as it were, so 
many filter-stations on this route, where the lymph and the cells and 
foreign particles in the lymph are received, and are either passed on or 
held up to be dealt with locally. Disorganization of any station, due to 
irritation, inflammation or scarring, may cause a diversion of the normal 
flow between it and other local stations, but a complete reversal of flow 
over a large area is not known to occur. 

Large masses of lymphoid tissue, lying as they do in the adventitial 

1 From the Kenneth Dows Tuberculosis Research Fund of the Johns Hopkins University 
and Hospital, Baltimore, Maryland. 
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Fics. 1 To 5. PHOTOMICROGRAPHS? OF THE THIN BRONCHIAL Mucosa OVERLYING LyMPHOID 
TISSUE 
The mucosa becomes progressively thinner toward the centre of the mass and the lymphatic 
vessel progressively larger and more conspicuous. 
Fics. 6 AND 7, TRANSITION FROM CUBOIDAL TO THIN Mucosa 
Low and high dry photomicrographs of the mucosa at a point where the latter normally 
changes from a cuboidal to a thin, flat layer. There is often a mass of lymphoid tissue at 
this point, as shown in the illustrations. 


2 Several of the photomicrographs were very kindly made by Dr. J. Howard Brown. 
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coat of the bronchi, may be found to surround these structures, and, by 
virtue of their size, to encroach upon or displace alveoli, but the mucosa 
of the bronchi and the epithelial lining of the alveoli have hitherto always 
been considered to be intact in such regions. 

The observations referred to above concern a different type of broncho- 
lymphoid relationship than that heretofore mentioned. Close examina- 
tion of the mucous membranes covering the collections of lymphoid tissue 
in the walls of the larger bronchi, such as are found in the hilar and mid- 
lung regions, has shown that at many of these points the mucosa is thinned 
out so that in places it is represented by a single layer of flat epithelial 
cells which have lost their cilia. If serial sections are cut across the lumen 
of the bronchus and traced from the margins of the lymphoid mass to its 
central zone, a complete transition of columnar, ciliated epithelium to 
flat, nonciliated cells may be followed. In areas where there are no 
lymphoid cells and at the extreme periphery of the lymphoid aggregate, 
the typical tall columnar cell, with its normal cilia and elongated “‘up- 
right” nucleus, is seen. As the lymphoid mass becomes denser this cell 
is replaced by a shorter, thicker cell, still ciliated, with its nucleus still 
vertical. Somewhat further toward the centre the cell becomes flatter, 
cilia are shed, and the nucleus assumes a “horizontal” position, lying 
parallel to the wall of the bronchus. Finally, at the very centre of the 
mass the epithelium exists merely as a thin, flat membrane not unlike 
alveolar epithelium. Beneath the thinnest portion of this membrane, 
over an area covered by two or three of these flat cells, a lymphatic vessel 
is almost invariably found. ‘This is usually empty, but in some instances 
it contains a few lymphocytes. In numerous sections the epithelium is 
discontinuous for the space of a cell or two, as if a connection existed 
between the small lymphatic vessel and the bronchus. It is possible, 
of course, that this ‘‘stoma” has been artificially produced in the handling 
of the sections, but the gradual and orderly transition of the epithelium 
suggests that it is more probably real than artificial. 

It is well known that cells laden with dust tend to accumulate in intra- 
pulmonary lymphoid tissue. These dust-cells were frequently met with 
in the lymphoid aggregates now under consideration. Where the mucosa 
is much flattened out, the dust-cells lie between the epithelial cells as if 
in transit from the lymphoid mass to the bronchus, within which they 
arecommonly observed. The facts described are well shown in the series 
of photomicrographs (figures 1 to 5), which are taken at different levels 
through one of these lymphoid masses. In these illustrations the gradual 
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thinning of the mucosa, the change of direction in the nuclei, the absence 
of cilia at the centre, the presence of numerous dust-laden cells and the 
lymphatic vessel are all well brought out. 

These changes in the mucosa that overlies lymphoid tissue occur, «as 
has been said, in the more central portions of the lung and along the larger 
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Fics. 8 To 11. PHOTOMICROGRAPHS OF THICKENED MucosA OvERLYING LyMpHoIp TISSUE 


Low and high dry pictures of swollen, thickened mucosa over the centre of a mass of 
lymphoid tissue. Numerous lymphocytes may be seen in the thickened mucosal coat, the 
cells of which are more or less distorted in their arrangement. Some of the lymphocytes 
contain pigment. Are these cells in transit to the lumen? 

Figure 11 shows a break in the thickened mucosa and may possibly represent a communi- 
cating point between lymphoid mass and bronchial lumen. 


bronchi. A very similar transition of cells takes place at the termination 
of the small bronchioles, where the function of the mucous membrane 
changes from one of conduction of air to one of respiration. Collections 
of Jymphoid cells, also containing dust particles, may be found here, 
lying immediately below a thin, flattened epithelium. The mucosa is 
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permanently changed in this situation, the change being due to the posi- 
tion in the respiratory tree and not to the underlying lymphoid tissue. 
This is shown in figures 6 and 7. 

In the lungs of the rabbit another and an entirely different appearance 
of the mucosa overlying the lymphoid masses has also been frequently 
noted, and in this case the condition is one of swelling or thickening. 
The bronchial mucosa atop the lymphoid aggregates is more or less 
densely infiltrated with lymphocytes. The lymphocytes appear to be 
derived from the underlying lymphoid mass and many of them contain 
dust particles. ‘The mucosa itself is irregular as if distorted by the infil- 
trating cells. In place of the orderly layer of ciliated, columnar cells, 
irregularly shaped cells, some without cilia and with nuclei at different 
levels, are seen. This change is illustrated in figures 8 and 9. The pic- 
ture is suggestive of a chronic inflammation of the mucosa. But such 
areas are strictly localized and are to be found nowhere except adjacent to 
lymphoid tissue; the infiltrating cells very frequently contain pigment; 
and the mucosa elsewhere and the pulmonary tissue everywhere appear 
in an entirely normal state. It must be apparent that an essential 
criterion in this study of normal tissues would be normality of tissue and 
would automatically eliminate from consideration any lung that had any 
evidence of disease of any kind. 

Occasionally an area of thickened, infiltrated mucosa has presented a 
definite break in continuity, as is shown in figures 10 and 11. Is this an 
ulcerated area in the mucosa or is the lymphoid tissue in direct contact 
with thelumen? The smoothness of the two ends of mucosa, the absence 
of evidence of inflammation, and the presence of dust in the cells leads 
rather to the belief that this structure may be normal. 


DISCUSSION 


The interesting anatomical facts disclosed by this study would seem 
to suggest the possible existence of a direct open communication between 
the lymphatic system and the bronchi. If such is the case, interesting 
points in physiology and pathology immediately arise. It is a matter of 
physiological and pathological importance to know whether such a com- 
munication exists, and whether inhaled or blood-borne particulate 
matter (carbon, germs, etc.) which reaches the lungs may be eliminated 
from them by finding its way into the Jymphoid system, and from this 
into the bronchi whence it may be removed in the expectoration. It is 
well known that coal-miners continue to have “black spit” for many 
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years after ceasing work in the dusty atmosphere of the mines. This 
statement is made, however,.in the knowledge that dust-cells are almost 
invariably found lying free in the alveoli of persons who have lived very 
long in a dusty atmosphere. Can these cells exist in sufficient numbers 
to maintain a steady flow of discolored sputum over a number of years? 

It has been demonstrated beyond question that the lymphatic system 
plays a very important and often a decisive réle in the localization and 
spread of pulmonary tuberculosis. It has been demonstrated that the 
tubercle bacillus on reaching the Jung is immediately taken in charge by 
the lymphatics, is passed by them from node to node, each node retain- 
ing, and often perhaps killing or destroying its quota, and passing on only 
the excess with which it does not deal. It is in the lymph node that 
the anatomical tubercle first develops, the latter subsequently healing 
completely or breaking down and passing the bacilli along to be dealt 
with by distal filtering nodes. 

This lymphatic defense is doubtless effective for a considerable time 
in checking the development and spread of pulmonary tuberculosis, and 
indeed in many cases undoubtedly for all time, for in many instances 
the pulmonary tissue as such is found to be free from tuberculosis al- 
though the lymphatic system may be obviously diseased. When disease 
occurs in the lung proper it is thought to be a matter of “‘direct extension” 
from some such lymphoid focus. May it be that, on its journey va the 
lymphatics from periphery to hilum, a bacillus passes through the bron- 
chial lymphoid mass and through the thin mucosa to the bronchial lumen, 
whence it may be carried either to some other area of the lung and there 
set up disease, or to the trachea and be eliminated from the body? Itis 
a clinical fact not very infrequently observed that individuals may suffer 
from symptoms which strongly suggest tuberculosis; they may spit up 
small amounts of blood; the sputum may even contain a few tubercle 
bacilli; but no signs of disease can be found on physical examination of the 
lungs, and the roentgenogram is negative. One may diagnose, by exclu- 
sion rather than by positive findings, tuberculosis of the tracheobron- 
chial lymph nodes. In a few such instances bronchoscopic examination 
has revealed small ulcerative areas in the mucosa overlying these lym- 
phoid masses. Whether this represents the giving way of thinned out 
mucosa as the lymph nodes beneath swell and become more diseased 
remains an open question, as is also the question of whether bacilli may 
not pass through a thin area in the mucosa just as dust-cells have been 
seen to do. 
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However, it is quite apparent that nothing in a clinical way can be 
concluded from the observations described above. Nothing of the kind 
is meant in the paragraph above. The anatomical variation from the 
generally accepted norm has been observed as yet in the rabbit only. It 
is interesting, nevertheless, to think, in this connection, in terms of 
clinical possibilities. 


CONCLUSIONS 


1. In the lungs of the normal rabbit there occurs a thinning of the 
mucosa covering lymph nodes in the walls of the larger bronchi. 

2. Alymphoid infiltration of the mucosa covering similar peribronchial 
lymphoid masses in more peripheral parts of the lung has also been 
observed. 

3. Dust-cells were frequently seen in and just under the epithelium 
covering peribronchial lymphoid tissue. 
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A REVIEW OF THE INCUBATION METHOD OF SPUTUM 
CONCENTRATION! 


H. C. SWEANY anv ASYA STADNICHENKO 


It has been more than two years since the senior author proposed a 
System of Sputum Examination for Acid-Fast Bacilli (1). After a year’s 
trial a more detailed report was made by Sweany and Stadnichenko (2). 
This included the observation that the incubation of sputum for one to 
five days destroyed surprisingly few acid-fast bacilli, while the sediment 
was concentrated many times. It was also shown that most chemical 
methods of treatment, as used, destroy numerous tubercle bacilli. This 
is especially true of the antiformin method of Uhlenhuth (3). Further- 
more, by comparing our results with those obtained five years previously, 
we have been able roughly to estimate that the positives by the new 
method have been nearly 15 per cent more than they were by the old 
method. 

It is our purpose now to report results after two and one-half years of 
trial, together with experimental findings of the examination of known 
positive and negative specimens by direct smear and concentration 
methods, as well as other observations that may be of value in sputum 
analysis. 

In the beginning the method recommended (1) was as follows: 


When the specimens are received at the laboratory, the report blanks are re- 
moved from the bottles, checked against the name on the bottle, and both 
bottle and blank are given the same number with a wax pencil. The speci- 
mens are then placed on trays, covered with cheesecloth, and incubated for 
from eighteen to twenty-four hours in the incubator... . 

If a bottle is too full of sputum, a cork with an opening in it is exchanged 
for the first cork, and the whole tray is covered with cheesecloth and fastened 
so that the corks will not blow out. After removal from the incubator the 
bottles are filled with approximately as much again of 3 per cent sodium hy- 
droxide, making a final dilution of 1.5 per cent sodium hydroxide. The 
bottles are then placed in the shaking machine and shaken for from fifteen to 


1From the Research Laboratories of the Municipal Tuberculosis Sanitarium, Chicago, 
Tilinois. 
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twenty minutes, after which they are incubated for thirty minutes; finally 
the contents are poured into the centrifuge tubes bearing the same number as 
the bottles, and centrifugalized at about 3,000 revolutions per minute for eight 
minutes. The supernatant liquid is then poured off, and the drops of liquid 
are allowed to drain completely. The top of the sediment is scooped off 
gently with a platinum loop and smeared thin on a slide bearing the same num- 
ber as the centrifuge tube. Should the amount of sediment be too small, an 
albumin fixative may be used to fix it and make the specimen more visible. 


The method of procedure at present is slightly different from that used 
at first. Now we feel that 15 to 16 hours’ incubation is the optimum 
time. This has been changed because it seemed to us that certain 
strains of bacilli are destroyed by .too much incubation. This is par- 
ticularly true of specimens from children, in which occasionally we have 
encountered bacilli that seemed to possess thin fragile walls. The ex- 
posure to the 1.5 per cent sodium hydroxide has been reduced to a maxi- 
mum of 30 minutes, and the smears are now neutralized at the time of 
preparation. These various changes are included in a revised descrip- 
tion of the method, the important parts of which are as follows: 


The sputum is collected preferably for 24 hours, especially if scanty; the bot- 
tles are prepared as previously described and placed in an incubator 15 to 16 
hours, after which they are removed and uncorked, and an equal quantity of 
3 per cent sodium hydroxide is added. The cork is replaced and the bottle 
put in the shaking machine and shaken for 5 to 10 minutes. The contents are 
then poured into a clean centrifuge tube and centrifugated 10 minutes at 
3000 r.p.m. These tubes are carefully inverted and the supernatant liquid 
entirely poured off, leaving a packed sediment in the bottom with as little 
liquid as possible. The smears are made from the top of this sediment by 
means of a platinum-wire spatula, curved to form a scoop. In order to pre- 
vent the action of the sodium hydroxide during its concentration in evapora- 
tion on the slide, the scoop is first dipped in 10 per cent HCl (3 per cent absolute 
HCI) to neutralize the slight amount of alkali present. The smears are made 
as usual, and the staining done according to Cooper’s modification of the 
Ziehl-Neelsen method. Since our earlier publications Cooper (4) has empha- 
sized the fact that it is better to cool the slides for thirty minutes after stain- 
ing, to crystallize the dye. This is truly a worth-while procedure, and illus- 
trates the necessity of adhering strictly to prescribed technique. 


After considering every factor, there are two things of importance 
that we desired definitely to know: first, whether we actually obtain 
more positives after concentration than direct-smear examination, and, 
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second, whether we obtain any false positives. To answer this it was 
necessary to examine a large series of comparative tests on known posi- 
tive and negative patients respectively. Accordingly, the new method 
was compared with the Cooper modification of the Ziehl-Neelsen 
method. 


EXPERIMENTAL 


Comparison of the Two Methods Operated Simultaneously on the Same 
Specimens 


A series of hospital patients were examined in which the bacilli were 
sufficiently few to warrant comparison. Strongly positive sputa not 
only would bear no comparison but there is no practical necessity for 


TABLE 1 


RESULTS 


Direct smear positive, concentration negative 

Direct smear more than concentration 

Concentration equal to direct smear 

Concentration positive, direct smear negative 

Concentration one to five times more than direct smear........... 


Concentration five to one hundred times more than direct smear...... 
Concentration “per field” while direct smear was “per slide” 


573 


anything on them but a direct smear. In addition, a group of routine 
dispensary specimens were compared in like manner, making a total of 
1,500 specimens in all. Of the 1,500 specimens 573 were found positive 
by either one or both methods. No positives were found that did not 
have clinical, X-ray or cultural findings of tuberculosis. 

Table 1 reveals the comparative results. 

Only 35 specimens, or 6.1 per cent, gave better results by direct smear 
than by the concentration method, while 93.9 per cent were equal to or 
better by the concentration method. Of this latter percentage about 
half possessed a slight advantage while the other half was definitely better 
by the concentration method. So much was this advantage that there 
is left little doubt about the usefulness of the method when properly 
used. The net gain is given by subtracting the first figure from the 
fourth, giving a difference of 86, or 15.0 per cent, that were found positive 
by the concentration method over the direct-smear method. 
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It has been our observation that more positives are obtained on 24- 
hour specimens than on single collections. For this reason we recom- 
mend it as routine. 

Although there are several persistently negative patients by the con- 
centration method that have been found positive by culture and animal 
inoculation, such findings are not included here. They are to be included 
in a subsequent report. In fact, we have found that practically every 
patient remains positive by culture and animal inoculation a few months 


TABLE 2 


DATE OF 

DATE OFLAST| NUMBER OF BACTERIA 24-HOUR MONTHS NUMBER OF BACTERIA 
POSITIVE PER FIELD OR PER SLIDE | SPECIMEN | NEGATIVE | PER FIELD OR PER SLIDE 

POSITIVE 


27133 | 3-12-29 | 3 ps. 4~— 2-30 12 More than 50 p.f. 
27786 | 5-16-29 | 10p.s.; only 1 pos. | 4~- 3-30 11 6p. f. 

29626 | 12- 3-29 | 1 in many fields; | 4- 4-30 5 2 p. f. 

only 1 pos. 
27589 | 8 9-29 | 1in many fields 3-31-30 
20560 | 4-15-26 | 3 p.f. 4- 2-30 
23923 | 10- 4-28 | 3 pf. 4- 2-30 
29196 | 8-31-29 | 50p.f.; only 1 pos. | 4- 2-30 
25818 | 12- 6-28 | 1 p.f. 4- 3-30 
28899 | 11-22-29 | 3 pf. 4-11-30 
28208 | 9-26-29 | 6p.f. 4- 2-30 
28561 | 12-11-29 | 1in many fields 4~ 1-30 
28409 | 9-21-29 | 2 pf. 3-31-30 12 p.s. 
29416 | 10-14-29 | 8 p.s.; only 1 pos. | 4- 1-30 6p.s. 
24299 |: Pos. only ong. p. | 4- 2-30 5 p.s. 
inoc. and culture 
27310 | 5-11-29 | 30 pss. 3-31-30 5 p.s. 
27324 | 6-25-29 | 30p.s. 4- 3-30 4 p.s. 
21622 | 9-25-28 | 2 p.f. 4 3-30 4p.s. 
29354 | 10- 1-29 | 1pf.;onlyipos. | 4- 430 10 p.s. 


1 p.f. 

1 pf. 

1in many fields 
1in many fields 
1 in many fields 
1 in many fields 
1 in many fields 
30 p.s. 
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longer than by the direct examination, and that a few are found who 
were always negative by the concentration method. Table 2 records 
18 cases that were found positive when 24-hour specimens were examined, 
but were negative for several months to four years by the ordinary 
method of sampling. Five of these specimens were only positive the 
one time before, while one was only positive by animal inoculation and 
culture. This last case, while definitely positive, raised a controversy 
with the clinicians that requires consideration. Although there was no 
question about the diagnosis, the only positive ever obtained was by cul- 
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ture and animal inoculation, and for two and one-half years it was nega- 
tive by direct examination, then positive with only a few bacilli per slide 
on two successive days, representing a few hundred bacilli on a 24-hour 
specimen. Surely this patient should not be placed in the same group 
with the ones expectorating billions of bacilli daily, but according to the 
Illinois tuberculosis law it must be considered such until three consecutive 
negatives can be obtained. 


TABLE 3 
Nontuberculous diseases or extrapulmonary tuberculosis 


CASE NEGATIVE 
INITIALS | wiper DIAGNOSIS EXAMINATIONS 


27918 | Abscess of lung (operated; died) 9 

27789 | Abscess of lung (autopsy) 85 

(6 G.P. neg.) 
8 


a= 


29114 | Asthma 

26430 | Arteriosclerosis 13 

(G.P. neg.) 
7 
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28160 | Blastomycosis 
(G.P. neg.) 
28509 | Carcinoma oflung 14 
27467 | Gastric ulcer ~ 42 
26600 | Empyema, chronic (cardiorenal com- 12 
plications) (G.P. neg.) 
27519 | Goitre 14 
27188 | Goitre (operated; cured) 19 
28044 | Hyperplastic hilum tuberculosis 13 
26029 | Pneumoncconiosis 25 
19011 | Scoliosis 73 
27956 | Tuberculous spine 9 
27386 | Tuberculous spine 17 
18764 | Tuberculous spine 73 
25784 | Tuberculous spine 8 
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After determining the comparative positive values of the new and the 
old method, it was equally important to determine the negative value 
of the new method. That is, are negative patients always negative, or 
do they give false positives? This was accomplished by analyzing the 
findings on nontuberculous diseases, and on healing or healed tuberculosis. 
Table 2 represents 411 sputum analyses on 17 patients who had extra- 
pulmonary tuberculosis or some other disease. 

Table 3 represents 324 analyses on 17 patients with lues the predom- 
inant or sole disease. 
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Table 4 represents 5,558 negative examinations on various stages of 
healed or healing tuberculosis or patients under observation. 


TABLE 4 
Wassermann- positive patients, with syphilis one of the predominant diseases 


| NUMBER OF 


| 
CASE NEGATIVE 

CLINICAL DIAGNOSIS JASSERMANN | * 
NUMBER INITIALS |WASSERMANN | 


TIONS 


28250 | Abscess of lung +4444 

27541 | Cervical adenopathy +444 

27808 | Cervical adenopathy ++44 

28453 | Healed minimal +4+4++ 

21791 | Healed M. A. +++ 

26230 | Healed M. A. 4++++ 
6448 | Healed M. A. 

26045 | Mod. Adv. T. B. 

26163 Nontuberculous 

29400 | Nontuberculous 

27520 | Nontuberculous 

28223 | Nontuberculous 

26641 Nontuberculous 

27958 | Nontuberculous healed basal 

lesion 

29204 | Observation 

29203 Observation 

25375 ‘“‘Peribronchial fibrosis” 


15 
16 
17 
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TABLE 5 
Various stages of healed or healing tuberculosis with negative sputum 


NEGATIVE 
NUMBER CLASS EXAMINATIONS 


104 Cervical adenitis, observation, or questionable tuberculosis........ 1,666 
26 Primary type healed or healing 289 
37 Minimal healed or healing 489 
76 Moderately advanced, healed or healing 1,374 
22 Far advanced, healed or healing 387 
71 Positive but turned and remained negative, all stages i305 


336 5,558 


In all, these figures make 6,283 consecutive negative tests without one 
false positive result. In addition, there are 84,078 negatives on routine 
examinations, about which very little question has been raised. The 
few exceptions will be discussed in detail later. There is little doubt but 
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some of them are tuberculous, but it has been shown that the new 
method comes as near to finding all the bacilli without false positives as is 
possible for a direct method. 

Notwithstanding these favorable findings, it is not to be assumed that 
there were no errors. Such would be highly improbable if not humanly 
impossible. But such mistakes, we feel, are within the limits of error. 
Concerning this doubtful group our dispensary physicians have kindly 
codperated in furnishing the histories of patients considered negative at 
the time of the positive sputum report. Perhaps there are more, but 
it was highly satisfactory to learn that few of such doubtful cases could 
be found during the last year. This group may be divided into three 
parts: first, doubtful cases about which we were able to prove the 
presence of tubercle bacilli or tuberculosis; second, a group about which 
we were unable to establish the disease; and third, a few that we feel were 
erroneous findings in normal or nontuberculous individuals. 

_ There are 6 patients in the first group. For different good reasons the 
laboratory findings were questioned, but later the presence of tuberculosis 
was established. 


Patient F, T., Stock Yards Dispensary no. 10,094, was a male Italian, age 48. 
He was operated on for empyema in 1908 and came to the Dispensary first on 
August 16, 1918 where a diagnosis of pulmonary tuberculosis, Far Advanced 
“B,”’ was made, based on physical findings. There was retraction of the left 
chest and crepitant rales throughout the greater portion of the left lung, 
cough for ten days, moderate expectoration and hoarseness, occasional night- 
sweats, loss of 15 lbs. in three weeks, afternoon elevation of temperature, and 
pain in the left chest. Thirty-seven subsequent sputum examinations were 
negative over a period of ten years. Physical findings persisted but were 
slightly diminished. In November, 1928, patient developed ‘“‘flu,”’ following 
which the sputum became positive, as well as the culture and animal inocula- 
tion. Although at first questioned because of long-standing negative record, 
three subsequent positive examinations were convincing. The patient died six 
months later of pulmonary tuberculosis. 


Patient S. F., Washington Boulevard Dispensary no. 13,129 was a Jewish 
male, age 52. He came to the Jewish Aid Dispensary on April 5, 1915, com- 
plaining of weakness, loss of appetite, pain in chest, severe cough, loss of 
weight, mucoid and bloody expectoration, and night-sweats. The physical 
examination at that time revealed a poorly nourished man of 38, with retracted 
- apices, and diminished resonance over the right upper lobe posteriorly, with a 
few crackling rales. The sputum was negative; a diagnosis of incipient pul- 
monary tuberculosis was made, but the sputum was bloody. He spent from 
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June to September, 1915, in the Winfield Sanitarium and entered the Munic- 
ipal Tuberculosis Sanitarium in May, 1916. The examination revealed 
diminished breath-sounds all over the chest, with scattered moist rales. The 
patient gradually improved, till an examination in November, 1922, revealed 
only harsh breath-sounds over both upper lobes, with no rales and no evidence 


Fic. 1, REPRODUCTION OF X-Ray PIcTURE OF PATIENT B. N., TAKEN JANUARY 29, 1929, 
REVEALING A SMALL ANNULAR SHADOW IN THE LEFT MIDFIELD BUT 
SHOWING NEAR THE PLEURA POSTERIORLY ON STEREO VIEW 


of activity. He remained in this condition till the present. Only one positive 
sputum was found in 1925 after nearly one hundred attempts. It was found 
positive November 23, 1928, and was confirmed by guinea-pig inoculation. 


Patient S. W., Sedgwick Street Dispensary no. 22, 227, was a Jewish female, 
age 50. She came in on June 21, 1927, complaining of loss of weight and 
strength and night-sweats. A diagnosis of pulmonary tuberculosis was made 
on the findings of impaired resonance over the upper thirds of both lungs, with 
subcrepitant rales over the right hilum and right apex posteriorly, and a few 
diffuse dry rales bilaterally. On October 24, 1927, December 5, 1927, and 
January 6, 1928, no tuberculous activity was found. The findings charted 
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were those of bronchial asthma. The patient was admitted to the Sanitarium 
on February 9, 1928, and discharged on April 10, 1928. An X-ray picture 
at this time revealed tuberculous fibrosis of upper thirds of both lungs, ex- 
tending from the hilum to the periphery and with a sharply defined calcified 
area in the right lung. On November 27, 1928, a reactivation of the process 
was found on the right with rales. On March 14, 1929, subcrepitant rales 
were heard over the upper thirds of both lungs, but the temperature was 
essentially normal throughout the course of the disease. The weight showed 


Fic. 2. SAME As Fic. 1, TAKEN May 31, 1929, Four Montus Later, SHOWING ALMOST 
COMPLETE CLOSURE OF THE ANNULAR SHADOW 


no fluctuation at this time. A diagnosis was made of moderately advanced 
pulmonary tuberculosis of a fibroid type. Throughout the course of the disease 
13 sputum examinations were negative, but on November 28,1928, a positive 
of one per slide was found that was confirmed by animal inoculation. 


Patient I. D., South Side Dispensary no. 29,540, white, female, age 29, came 
to the Stock Yards Dispensary November 2, 1928, complaining of cough for 
five years, hoarseness one week, mucopurulent expectoration, afternoon eleva- 
tion of temperature, night-sweats and dyspnoea. Physical examination re- 
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vealed bronchial breathing and moist rales on both sides. The sputum was 
positive November 2, 1928, but negative eight other times. The family 
physician was not satisfied with the diagnosis, but a subsequent guinea-pig 
inoculation confirmed the positive findings. 


Fic. 3. LOCALIZED VIEW OF SAME AS Fic. 2, TAKEN JANUARY 7, 1930, Stx Montus Later, 
SHOWING A CLUSTER OF THREE SMALL CAVITIES (SLIGHTLY REDUCED) 


Patient B. N., M. T.S. no. 29,779, was a white female, age 18 years, who came 
to the Dispensary in July, 1928, complaining of cough and expectoration lasting 
two weeks. Blood-tinged sputum appeared once. Three positive sputa 
were obtained, after which she was sent to the Municipal Tuberculosis Sani- 
tarium in January, 1929. Very few physical findings were found at this time; 
an X-ray picture revealed a very small annular shadow at the apex of the left 
lower lobe posteriorly that was overlooked at first (figure 1). This shadow 
soon disappeared (figure 2), and the patient was considered negative, despite 
the findings in the sputum of one acid-fast bacillus per field and a positive 
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culture. The patient was discharged in September, 1929. Soon she began 
to complain of severe cough, with definite rales opposite the lower border of the 
scapula on the left side. She was readmitted to the Sanitarium in January, 
1929. The sputum was definitely positive, rales were present over the lower 
lobe posteriorly, and the X-ray revealed a cluster of three definite cavities 
about 2 cm. in diameter in the region where the first annular shadow was 
observed (figure 3). The culture produced luxuriant, slow-growing, crumb- 


Fic. 4. REPRODUCTION OF X-Ray PicTtuRE OF PATIENT W. E., TAKEN NOVEMBER 8, 1928 
SHOWING SLIGHT PERIBRONCHIAL THICKENING 


No positive clinical or X-ray findings were ever obtained on this patient except a positive 
tuberculin reaction. 


like colonies of acid-fast bacilli that were considered to be tubercle bacilli even 
though they were not inoculated into animals. 


Patient W. E., M. T. S. no. 26,583, was a white male child, 10 years old, giving 
a history of whooping-cough at two, measles at four, and chickenpox at six. 
The tonsils and adenoids were removed at seven and a herniotomy was per- 
formed at nine. Otherwise there was nothing but undernourishment. He 
was sent to the Preventorium Cottage at the Municipal Tuberculosis Sani- 
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tarium at six years of age for two and a half months, and again at seven years 
was sent to the children’s tent colony for six weeks. In June, 1928, his sputum 
was found positive and on the strength of this and some basal findings he was 
sent to the M. T. S. as a patient. The history, clinical and X-ray findings 
at this time were practically negative, as well as the tuberculin reaction. A 
guinea-pig inoculation was found to be positive on July 24, 1928. Another 
guinea pig, killed October 1, 1928, was also positive, and the culture was posi- 
tive at the same time. All other signs and symptoms were negative except 
that the tuberculin reaction was now positive. A guinea pig, inoculated March 
16, 1929, and examined April 24, 1929, revealed only a local abscess with no 
acid-fast bacilli. The sputum from this time on was negative and the patient 
was discharged May 24, 1929 (figure 4). 


There were seven patients in the second group. Here we did not prove 
the presence of tuberculosis, but the histories were suggestive and com- 
patible in sixofthem. Brief histories are as follows: 


Patient M. K., M. T. S. no. 28,213, was a female, age 33, who came to the 
M. T. S. in April, 1929, giving a history of contact (mother and sister). She 
complained of cough and fatigue for six months, gradual loss of 16 Ibs., blood- 
tinged sputum once or twice, and dyspnoea on exertion. Physical examination 
revealed the left shoulder drooping a little, and slightly impaired resonance at 
both apices posteriorly, and the left anteriorly. There were occasional moist 
rales over the apices, disappearing on cough. The X-ray picture revealed 
three nodules along the right main bronchus, overlooked on first examination. 
All else was negative. The sputum was positive,—6 per slide. A guinea pig, 
inoculated May 22, 1929, and killed July 25, 1929, had enlarged and fibrous 
local and retroperitoneal lymph nodes, but no acid-fast bacilli could be found. 
Occasionally the patient developed a positive sputum, and the largest nodule 
on the X-ray film appeared to be softening and breaking down. Guinea pig 
and culture, examined on February 17, 1930, were negative. The tuberculin 
reaction on April 4, 1930, was strongly positive, and the patient at this time 
had “‘clinical’”’ tuberculosis, but because the cultures and animal inoculations 
were negative the case was placed in the doubtful group (figures 5 and 6). 


Patient D. F., Washington Boulevard Dispensary no. 18,147,was a Jewish fe- 
male who first came in November, 1921, with an indefinite history. A few 
rales were found in the left upper lobe. In 1922 no clinical findings could be 
found. In 1923 she was dismissed as arrested. In 1924 she complained of 
weakness and blood-streaked sputum, but no clinical activity could be found. 
Nothing was found in 1926, 1927 and 1928; the sputum was always negative, 
except that om September 14, 1929, it was reported positive,—one in many 
fields. Noanimal and culture inoculations were performed. 


| 
4 
oan 
a 
+ 
it 
am 
| 
| 
ith 
ia 
¢ 


view OF cA, the larger OF (These Gensitles SCCMS lO VC Witil Ul ALIN. 


Avy UT ozIs [ewWAOU Ul paonpoidal yey} Ul Sat}Isuap [eseq 9014} SuIMOYS 


hi 
| 
432 


Fic. 6. SAME As Fic. 5 


A. Taken February 17, 1930, nine months later. 


B. Enlarged view of A; the larger of these densities seems to be connected with a bronchus on stereo observation. 
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Patient F. I., Robey Street Dispensary no. 28,275, age 14, complained first of 
cough on August 21, 1928. There was no other complaint. An examination 
at Sedgwick Street Dispensary revealed bilateral moist rales in both lower 
lobes. Diagnosed nontuberculous. The patient reported to Robey Street 
Dispensary October 1, 1928, and presented basal findings. The temperature 
ran from 98.8° to 99.4°F. The diagnosis of asthmatic bronchitis was made. 
An X-ray picture revealed accentuated hilum and bronchial markings, with 
apices clear. The guinea pig and culture were negative. The tuberculin 
reaction was negative; one sputum examination was positive; all others were 
negative. Although the clinical and X-ray findings were compatible with 
juvenile tuberculosis, laboratory confirmation at this time was lacking. 


Patient S. K., Washington Boulevard Dispensary no. 28,451A, was a female, 
age 7, reported as tuberculous at the Children’s Memorial Hospital. The 
physical findings on May 7, 1928, revealed moist rales over the lower lobe 
pesteriorly. The temperature ranged from 98.6° to 99.2°F.; the pulse was 
normal. A reéxamination on September 20, 1929, revealed no positive find- 
ings. An X-ray picture revealed densities at the hilum on both sides and peri- 
bronchial thickening with apices clear. One sputum was reported positive on 
October 15, 1928,—one per field; all the rest were negative. Guinea pig and 
culture were negative on November 13, 1928. Not only was this patient 
“compatible” with tuberculosis, but was diagnosed as tuberculous at the 
Children’s Memorial Hospital. 


Patient D. C., State Street Dispensary no. 20,890, colored female, came in 
complaining of cough, and loss of 20 lbs. withina year. The morning tempera- 
tur was 98.8°F., the pulse 100. Examination revealed a flat chest, with re- 
tracted apices and harsh breath-sounds over both apices. On February 5, 
1929, the sputum was reported positive,—10 per slide, but all the others were 
negative, including guinea pig and culture. Entirely “compatible” with 
tuberculosis, but not confirmed. 


Patient J. D., Grand Crossing Dispensary no. 25,197A, male, whose wife died 
of tuberculosis and whose brother had open tuberculosis. There were findings 
of minimal tuberculosis in 1927. The sputum was positive in April of that 
year. He became quiescent in 1928, but was found positive in October of the 
same year,—10 per slide. All other examinations were negative. The find- 
ing of tubercle bacilli at this time was questioned and animal inoculation and 
culture failed to confirm the finding, although it was in all probability correct. 


Patient G. C., Washington Boulevard Dispensary no. 29,167A, complained of 
cough lasting four days. Physical examination on June 17, 1929 revealed 
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rales in the upper right lobe. On three subsequent examinations she dis- 
played no activity at all. There was no evidence of tuberculosis on the X-ray 
plates. The sputum on June 17, 1929, was reported positive,—one in many 
fields. Six other examinations afterward were negative. Culture and animal 
inoculation were not performed, but there is little to suggest tuberculosis. 


Regarding the third group, for which there seems to be an erroneous 
diagnosis or error in technique, we found only 3 cases. One, 


Patient S.G., M. T. I. no. 26,347, seven years of age, was undernourished 
but there was no other evidence of tuberculosis. On May 18, 1928, the 
sputum was found positive,—1 per field, but the guinea pig, culture and 24 
other examinations were negative. 


Patient H. N., M. T.S. no. 28,693, came in with a typical nonspecific empyema 
and was operated on. On July 2, 1929, sputum was found positive,—8 per 
slide, but all other specimens were negative. The pleural fluid was repeatedly 
negative. Three different cultures were negative. 


Patient A. K., M. T. S. no. 20,191, had slight ‘‘bronchofibrosis of asthmatic 
type.” Otherwise the findings were negative. Fifty-four sputum examina- 
tions were negative. On April 23, 1929, a report was made of 30 per field; 
guinea pig and cultures were negative. 


Commenting on these 16 cases, we feel that there was just cause to 
question the positive findings at the time they were reported. Six of them 
were proved as tuberculous or to have virulent tubercle bacilli in the 
sputum. In ten the findings were not so confirmed. Three were no 
doubt technical errors; one was probably a correct finding with no 
demonstrable clinical disease, while 6 were probably correct findings 
with indefinite clinical manifestations that were compatible with but 
not definitely tuberculosis. There is no reason why a few tuberculous 
infections might not have been so mild that they were clinically negative 
and only occasionally are bacilli present, without being detected, similar 
to patient W. E., reported in the first group. Again, they may be posi- 
tive at one time but negative at subsequent examinations, when the 
cultures and animal inoculations were made. 

During the course of our routine work we have occasionally encountered 
acid-fast forms that may be mistaken for tubercle bacilli. We have kept 
a record of these unusual forms and shall report them as a separate group. 
Probably most of them are not tubercle bacilli, but some small granular 
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and coccoid forms may be from fragmented tubercle bacilli or part of a 
life-cycle of the organism. We don’t feel justified, however, at the pres- 
ent time to make a diagnosis on finding such forms alone. We do feel 
that it warrants diligent search for typical or pathogenic forms. 

There are 9 such cases in our collection. They are as follows: 


Patient A. J., Washington Dispensary no. 28,817, was under observation and 
repeatedly negative. On January 4, 1929, there were found numerous short 
plump acid-fast rods that proved to be acid-fast spores. The guinea pig was 
negative. 


Patient M. P., Washington Dispensary no. 28,700A, was a female, age 29 
years, held under observation due to contact with brother-in-law who was an 
open case; no clinical findings. On January 26,1929, there were found numer- 
ous acid-fast spores, as in the first case. There was no X-ray examination. 
All other tests and findings were negative. 


Patient M. B., South Side Dispensary no. 9,898D, was a child in good health; 
on September 3, 1929, there were found suspicious acid-fast bacilli, consisting 
of a few oblong coccoid acid-fast bodies (not spores), measuring about 0.5 x 
0.7 micra. There were very few acid-fast bacilli. No X-ray picture or guinea 
pig inoculation was made. They were most likely not tubercle bacilli. 


Patient M. P., South Side Dispensary no. 30,746, was in good health with no 
clinical findings. On August 26, 1929, there were found suspicious acid-fast 
microorganisms that were large solid irregular bacilli. ‘The guinea-pig inocula- 
tion was negative. All other examinations were negative. 


Patient R. L., Grand Crossing Dispensary no. 4,797, age 20 years, had a 
diagnosis of tuberculosis, Minimal ‘“‘A.” Atypical acid-fast bacilli were found 
on October 1, 1929. These consisted of a few acid-fast coccoids and many 
acid-fast cocco-bacilli measuring, 0.5 x 0.7 micra and staining solid red. All 
subsequent examinations were negative. These were probably not tubercle 


bacilli. 


Patient G. B., South Side Dispensary no. 30,841, was a female 37 years of age, 
in good health. There were found 20 typical acid-fast bacilli per slide on 
September 3,1929. Again on October 7, 1929, was found 1 per field of atypical 
acid-fast bacilli. There were among these a few thin nodal weakly acid-fast 
bacilli; a few acid-fast cocci and diplococci; many large solid acid-fast bacilli 
and diplobacilli measuring 0.8 x 5.0 micra. On October 16, 1929, culture was 


found negative. 
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Patient A. P., Racine Avenue Dispensary no. 15,845, was a male, 50 years old, 
and having fibroid phthisis. He was an open case in 1923 to 1925 inclusive, 
with moderately advanced disease. He has always been negative since, but 
on September 30, 1929, suspicious atypical acid-fast bacilli were found. There 
were a few acid-fast bacilli resembling tubercle bacilli; numerous acid-fast cocci 
and diplococci about 0.5 micra in diameter; numerous 0.6 x 1.2 micra acid- 
fast bacilli, staining solid red; a few large acid-fast cocci, 1.0 micron in diameter; 
and many semi-acid fast diphtheroids and bacilli. The guinea pig and culture 
were not done. 


Patient H. P., State Street Dispensary no. 10,001B was a child, 6 years of age, 
having pulmonary tuberculosis; the mother died of tuberculosis. The patient 
was always negative, except on September 9, 1929, when a few typical acid- 
fast bacilli and many small, thin acid-fast bacilli and cocci measuring about 
0.2 x 1.5 micra were found. No further examination was made. 


Patient J, K., was a child 9 years of age, South Side Dispensary no. 28,017A, 
having pleurisy, considered tuberculous in character but not found positive till 
September 30, 1929, when the sputum was found positive,—one per field. 
There were a few typical tubercle bacilli, many acid-fast cocci, and very small 
acid-fast bacilli. The patient went to the Cook County Hospital, where he 
was pronounced negative. On January 24, 1930 a few clusters of small acid- 
fast bacilli were found, some of which were quite typical. A guinea pig was 
inoculated but only enlarged lymph nodes and one lung tubercle were found on 
killing the animal within two months. 


Of the 9 cases five were clinically negative patients. Four were in- 
dividuals who had tuberculosis at one time or another, but there is no 
justification for placing any reliance on these large, clubby or coccoid 
forms except suspicion. They are relatively uncommon and are gener- 
ally easily eliminated by culture and animal inoculation. 


DISCUSSION 


In evaluating this method of sputum examination, it is paramount to 
prove the following facts: first, its increased efficiency over the old direct- 
smear method; second, its practicability; and third, the accuracy of the 
procedure. 

We are now obtaining more encouraging data than we did when the 
method was new. At that time it was necessary to instruct technicians 
in a technique that was for the most part untried. Although the method 
resembles the quite reliable older method of Ellermann and Erlandsen 
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(5), there are many notable differences. The direct incubation is the 
widest departure from that method and is the one part of the procedure 
that has required the closest scrutiny and observation. With the present 
time limit of 15 to 16 hours, we feel that we have found the optimum 
time. The techique now, however, is well established, the technicians 
adequately trained, and the results have given satisfaction. In spite 
of the handicaps at the beginning, the increase of positives over the 
five years preceding amounted to about 15 per cent and represents the 
net value of the method. This figure was also obtained in a series of ex- 
perimental analyses when all factors were well controlled. If this in- 
crease is found not to be a false one, it means a great deal in public-health 
work. Jt 1s this 15 per cent that ts ordinarily missed and the group for 
which the clinician most desires aid. ‘The frankly positive patient needs 
little laboratory work for the establishment of a diagnosis. 

In actual figures our results mean that of the 16,103 positives ob- 
tained by this methodin the last two and a half years, 2,101 would not have 
been found by the older method. This, therefore, helps to determine 
contacts and cut down the exposures to the disease in no uncertain 
manner. It is true that the cultures and animal inoculations find still 
more positives, but such methods are adaptable mostly for special and 
not for routine work. 

As to the practicability of the method, it seems to adapt itself well to 
institution work. It is more complex than the old direct-smear method, 
but we have it so systematized that we encounter little difficulty. It may 
be performed by any intelligent person after a little training. Most of 
our technicians are patients or ex-patients of normal intelligence but with 
no previous technical training. 

Regarding the failure to obtain positive findings in routine sputum 
analysis, we must consider several factors. As we have suggested be- 
fore, there may not be a sufficient number of bacilli present to find di- 
rectly, but animal inoculation and culture may find them. Then there 
are occasionally granular and non-acid-fast forms, found in fibroid and 
certain other unusual types of tuberculosis, that are overlooked. Fur- 
thermore, the bacilli may be destroyed by a too lengthy exposure to the 
chemicals. Some bacilli also may be destroyed by too much incubation. 
Other sources of error are improper smearing, staining and concentra- 
tion of the bacilli. Sometimes we have found that a very small sample 
becomes dry in the incubation process, destroying the organisms. For 
this and other reasons cited previously, we recommend 24-hour speci- 


REVIEW OF INCUBATION METHOD 439 


mens. Last of all, one must ever be on the alert for errors by techni- 
cians in confusing labels, bottles and reports, or by the patients fraud- 
ulently exchanging sputum with some one else. Certified specimens 
alone will preclude this last error. 

Let it be said that at no time has our work been seriously criticized 
for finding negative results in positive patients, but our work has been 
questioned in finding positive results in patients when definite clinical 
findings could not be elicited. We shall discuss this problem briefly. 

Our findings recorded in tables 1 to 4 reveal that in clinically negative, 
healed, and sometimes healing tuberculosis, we do not obtain false 
positives. Neither do we find false positives in other diseases. The 
exceptions are too few to prove anything to the contrary. 

There are sources of error, however, that need mention. First, the 
glassware must be doubly cleaned, as described in the early publications 
and kept free from contamination by dust. The bottles, labels, reports 
and slides must all be handled systematically and carefully. An inter- 
change of any one of them will lead to error. Etched slides may produce 
artefacts that the unskilled technician may call tubercle bacilli. 

Furthermore, there may be present tubercle bacilli that play little or 
no réle in the disease. Some may be coughed up from an isolated inac- 
tive focus, or they may be temporarily lodged in the bronchi and ex- 
pectorated without causing any disease. 

Then, as in the preceding group, malingering or wilful fraud may be 
encountered. This is more likely to be true when compensation or 
financial benefit may result from a positive diagnosis. 

The last point to evaluate is the accuracy of the method. Do we 
obtain negative results on positive patients or do we obtain positive 
results on negative patients? In other words, is the method faulty? 

It raises the question of the presence of other acid-fast bacilli than 
tubercle bacilli. In regard to this we feel that typical, long, thin, curved, 
acid-fast rods in the sputum other than tubercle bacilli are extremely rare. 
The sputum may be contaminated from outside sources by other acid- 
fast bacilli, and atypical acid-fast forms other than tubercle bacilli are 
occasionally present, but with carefully collected and treated sputum 
there need be little fear of rendering a false positive diagnosis if the irreg- 
ular forms are considered only suspicious and not diagnostic. 

Of the various acid-fast bodies found in the sputum, occasionally cer- 
tain yeast cells will be acid-fast. Obviously these offer no difficulty. 
There are also a few acid-fast fragments of diatoms and microscopic 
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plants that may cause confusion. Again, there are scratches in the 
slide or oil streaks that may simulate acid-fast rods. But serious difficulty 
arises only when there are acid-fast bacillary forms or fine acid-fast gran- 
ules or cocci. 

These may be grouped into three divisions: acid-fast spores, acid-fast 
bacilli, and acid-fast coccoid forms. 

The acid-fast spores present the least difficulty. There are spore- 
bearing bacilli, whose spores are acid-fast and of about the same width 
as tubercle bacilli. Their length is usually about half the length of a 
tubercle bacillus and they stain a solid bright red. They are easy to 
rule out, however, because of their similarity and symmetry. They 
appear as if they were formed in a mould. Furthermore, they can be 
found many times within the bodies of the large bacilli before they are 
extruded. We have two such specimens in our series. 

The second group, namely, acid-fast bacilli, offers the greatest problem 
when found. Artefacts may be caused by the accidental coating of bacilli 
with vaseline or paraffine, so that an ordinary bacillus will appear acid- 
fast. If such bacilli are shaped like tubercle bacilli there is no way of 
ruling them out by direct examination. There is little need to fear this 
sort of contamination with careful work. We have no such instances 
in this series. Nevertheless, on rare occasions we have found acid-fast 
bacilli in the sputum digest that we feel were not tubercle bacilli. 

They were too large or presented some features that did not seem char- 
acteristic. Such forms were observed three times in our series when 
every examination possible was performed without proving the tuber- 
culous natureof the suspected forms and when the patient was apparently 
in the best of health. Such irregular forms are, therefore, to be classed 
as nontuberculous until proved otherwise. They may, however, be 
atypical tubercle bacilli and produce tuberculosis in animals, yet the 
burden of proof must rest on their ability to produce tuberculosis in ani- 
mals and not on acid-fastness. 

We have found only 3 cases in which typical acid-fast bacilli were 
present under definitely nontuberculous conditions, but they were 
thought to be errors of technique and not avirulent acid-fast bacilli. 

The last type, or coccoid forms, when found alone, also require caution, 
for here again they may be fragmented tubercle bacilli or tubercle bacilli 
going through a life-cycle that erroneously may be called pseudotubercle 
bacilli. On the other hand, it is infinitely worse to call such forms 
tubercle bacilli without pathogenic proof. They must be looked upon as 
suspicious forms only and tested for pathogenicity. Many times such 
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forms coexist with typical tubercle bacilli, in which event the problem 
becomes more simple. 

In the last case reported we do not doubt that the atypical forms were 
tubercle bacilli. It has been our observation that such atypical tubercle 
bacilli seem to occur more frequently in childhood tuberculosis than any 
other form. 

Summarizing the various aspects of the method, it is admittedly more 
technical than the Ziehl-Neelsen method, but in watery, autolyzed or 
any unknown sputum we find that it has no equal for accurate results. 
Obviously these are the types of sputum for which a correct sputum 
analysis is most needed. In evident disease or routine examination in 
tuberculous patients, it is unnecessary. Asimpledirect smear is enough. 
We would warn against too much incubation, however, especially if the 
sample is small, for certain types of bacilliseem to be destroyed. Several 
of the experimental concentration tests had fewer bacilli than the direct 
smear, and nine were positive by direct smear and negative by concen- 
tration. We are confident now that our results are better than at first 
and that the figures will be lower than the 1.5 per cent reported in table 
1, although it is satisfactory for ‘negative’ errors. But the fact that 
15 per cent more positives are obtained by this method than the direct- 
smear method justifies its existence and use. 

While the ‘‘negative” errors are hard to avoid, the “positive” errors or 
“false positives” are practically nonexistent if an observer is taught to 
recognize only typical bacilli. At the most, ten such errors in over 
106,000 examinations, with16,103 positives, may be considered negligible. 
In the 16 cases that were questioned by the clinicians, six were proved 
to have virulent tubercle bacilli present, or otherwise have definite tuber- 
culosis. ‘Two of the six were at first said to be always negative by both 
clinical and X-ray examination. One was always negative by X-ray 
and clinical examination. Since this report was written one more such 
case has come to our notice. J¢ reveals that, in the last analysis, living, 
virulent tubercle bacilli are the only absolute means of diagnosis. 

At any rate, acid-fast bacilli can only be ruled out by their inability 
to produce tuberculosis in animals and not by a Jack of clinical and X- 
ray data. 

In the necropsy experience of the senior author, it has been observed 
that numerous small X-ray annular shadows pass unnoticed by the X- 
ray diagnostician and clinician and that early tubercles smaller than 2 
mm. are invisible on the X-ray picture. It brings our attention to the 
fact that neither the X-ray picture, taken from every possible angle, nor 
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the most painstaking clinical examination can find every open lesion. 
This becomes more apparent after careful necropsy examinations. 
Even quite large cavities are commonly overlooked. 

On the other hand it is not to be assumed that the reverse is not also 
true; in fact it is very common: namely, that the patient’s sputum is 
always negative by every test when there are definite clinical and X-ray 
findings of tuberculosis. In our series 161 such cases were studied. 
They were divided as follows: 26 of the primary type; 37 minimal; 76 
moderately advanced; and 22 classed as far-advanced tuberculosis but 
in which no positive sputum was ever found. 

Finally, there need be little difficulty from atypical acid-fast bacilli 
if the technicians are taught to report only the long, thin, granular or 
nodal acid-fast bacilli and investigate the others. 


SUMMARY AND CONCLUSIONS 


1. The results of 106,464 sputum examinations by the incubation- 
concentration method are reported, of which 16,103 were positive. 

2. Fifteen per cent more positives were obtained by concentration 
than by direct smear in a control series of 1,500 specimens. 

3. No false positives were obtained in 6,283 examinations on negative 
controls consisting of observation cases, nontuberculous diseases, and 
closed tuberculosis. 

4, Sixteen positive diagnoses were justifiably questioned because they 
did not conform to the clinical and X-ray findings at the time of the 
sputum examination. 

5. Of the sixteen, 6 were proved to be tuberculous; 6 were probably 
tuberculous; one was probably not tuberculous, but one in which the bacilli 
were avirulent or indifferent; while 3 were most probably errors in tech- 
nique. This virtually leaves four errors in 16,103 positives, or one in 
about 4,000. 

6. Atypical acid-fast forms, when found alone, should be considered 
only suspicious until proved otherwise. 

7. There appear to be no more sources of error with this method than 
there are with any other method of similar technical manipulation. 
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THE VARIATIONS OF THE TUBERCLE BACILLUS 
IN CLINICAL SPECIMENS!” 


HENRY STEMPA 


In his paper in THE AMERICAN REVIEW OF TUBERCULOSIS for August, 
1929, concerning A Developmental Cycle of the Tubercle Bacillus as Re- 
vealed by Single-Cell Studies, Morton Kahn describes his observation of a 
complete developmental cycle of the tubercle bacillus in microcultures. 
However, this author wants it to be distinctly understood that “this 
cycle may have taken place, solely, as a result of the method employed in 
the cultivation and may, therefore, not be representative of its mode of 
growth in the animal body.” 

This remark deserves attention. Much work has been done with 
cultural material, but little is known as to what happens to the tubercle 
bacillusin the animal body. I wishin this article to prove that variations 
of the tubercle bacillus, which many investigators have observed in 
cultures, are also representative of its mode of growth in the animal 
body by demonstrating the same variations of the tubercle bacillus in 
clinical material. 

I have studied the variations of the tubercle bacillus in sputum and, in 
approaching this question of Kahn, I have made a comparative study of 
the different forms, which he observed by studying a single cell in cultures, 
with the variations I have observed insputum. Ihave found that all the 
forms that Kakn observed in the different phases of the life-cycle of the 
tubercle bacillus in cultures are also present in the clinical material, so 
far at least as the acid-fast variations are concerned. The non-acid- 
fast stages, however, although I have seen them, I do not present at the 
present time because we are not able to trace them with an absolute 
certainty in clinical material with the present-day laboratory methods. 

For this comparative study I selected the variations found by Kahn, 
not because these forms are new. Not at all. They are familiar in 


1 From the Cedarcrest Laboratory, State of Connecticut Tuberculosis Sanatorium, Hart- 


ford, Connecticut. 
2 Read before the Commission and the Medical Staff of the State of Connecticut Tubercu- 
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cultures. The main reason is because Kahn observed these variations 
in a single-cell study, and in continuity from mature rod to mature rod. 

In the accompanying figures I show the microphotographs from the 
slides obtained from sputum. 

To one fact I want to call attention: this is that I, of course, am not 
able to demonstrate the variations in exactly the same way as Kahn, 
since Kahn had a single cell before him. In my material will be found 
naturally several forms in one field, according to the stages of the de- 
velopment of several bacilli. 


Explanation of Figures 


Fic. 1 Fic. 4 
a. Granules in the bacillus a. Free granules 
b. Diphtheroid forms b. Diphtheroid forms 
c. Coccoid bodies c. Coccoid bodies 
d. Typical form 
e. Free granules 
Fic. 2 Fic. 5 
a. Typical form a. Biscuit form 
b. Diphtheroid form b. Free granule 
c. Free granule with hair-like rod 
d. Free granule 
Fic. 3 Fic. 6 
a. Free granule a, Matrix 
b. Free granules with hair-like rods b. Biscuit form 
c. Biscuit forms c. Free granule 
d. Bipolar bodies d. Coccoid bodies 
e. Bipolar bodies 
f. Three granules in the bacillus 


I am indebted to our Superintendent, Dr. W. M. Stockwell, for the 
great interest he has shown in my work, for studying and selecting the 
material, and for making the microphotographs. 

In the figures I demonstrate that all the acid-fast forms which Kahn 
observed in the life-cycle of the tubercle bacillus in cultures correspond to 
the variations present in sputum. 

Issuing from the typical form of the tubercle bacillus will be found: 


1. The appearing of granules in the bacillus 
2. The diphtheroid forms; bipolar bodies 
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3. The coccoid bodies 
4. Free granules 
5. Free granules with hair-like rods 


A, 


Kahn- 
Culture: 


Stempa- 
Sputum: 


Kahn- 
Cultures: 


Kahn- 
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B 


Kahn- 
Cultures: 


Sputum: 


Cc. 
Kahn- 
Cultures: 


Sputum: 


Comparative Findings of Morton Kahn s 
Single-cell study, and my sputum findings. 


(The American Review of Tuberculosis,Aug.1929, Page: 185). 


Plate 4, Fig. 3. Page 185. 


6. The biscuit forms 
7. The reappearing of the acid-fast stage, in the form of granules and filaments, 


or matrix, and then the mature rod, according to Kahn. 
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VARIATIONS OF TUBERCLE BACILLUS 


CONCLUSIONS 


In a comparative study of the variations of the tubercle bacillus ob- 
served by Kahn, in his study of single cells in microcultures, with the 
variations observed by me in sputum, I concluded that all of Kahn’s 
acid-fast forms are also present in clinical material and that I am, there- 
fore, justified in considering that the mode of growth of the tubercle 
bacillus in cultures is representative of its mode of growth in the animal 
body. 


Note: Since I wish that my findings should be reéxamined, I want to 
mention the method of staining with which I was able to see the varia- 


tions best. 
This method is not new, but the technique is modified, and this modi- 


fication proved to be of great importance. 


Step 1. Make a very thin film. 

Step 2. Dry in air. 

Step 3. Fix over a flame, but very carefully. 

Step 4. Place the slide in a container with Ziehl-Neelsen’s carbol-fuchsin, in a 
water-bath, or in any pot with water as long as the water is still 
cold. Heat the water slowly, to40°C., and keep it so for 15 minutes. 
Take away the heat and leave the container in the water to cool 
for 30 minutes. 

Step 5. Place the container with the slides in an ice-box for 5 minutes. 

Step 6. Do not wash in water, but decolorize with 3 per cent acid-alcohol until 
the slide is absolutely colorless. 

Step 7. Now wash in water, and dry gently with a blotter. 

Step 8. Pour the counterstain, picric acid, over the film for 5 seconds. (Satu- 

rated aqueous solution of picric acid and alcohol, equal parts.) 

Wash in water, dry and mount in canada balsam. 


Step 9. 


My experiments for several years with thousands of slides have shown 
me that this modified technique enabled me to observe the variations of ‘ 
the tubercle bacillus in all forms, as shown above. 

The following steps are especially important for these reasons: 

With step 4 I want to avoid overheating over an open flame. 

Step 5 has for its reason the fact that by cooling the specimen we harden 
the soft and warm lipoids again (after they were for a long time at body 
temperature) and so we increase the acid-resistance. 
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Step 6: Do not wash in water so long as the carbol-fuchsin is on the 
slide because, as soon as we bring the stained specimen in touch with 
water, we dilute the mordant, the phenol. This changes the effect of the 
stain, and, consequently, a greater decolorization takes place. 

Finally, step 8: I found that picric acid is the best counterstain if 
we want to see the acid-fast forms clearly and easily without interference 
by any other color. 


| 
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SERUM-CALCIUM IN PNEUMONOCONIOSIS! 
MARTIN J. SOKOLOFF anp A. CANTAROW 


It is now generally believed that there is no significant disturbance of 
the mineral metabolism in pulmonary tuberculosis. Halverson, Mohler 
and Bergheim (1) and Sweany, Weathers and McCluskey (2) found the 
serum-calcium in most patients with tuberculosis to be within normal 
limits. They found also that there was apparently no constant rela- 
tionship between the blood-calcium level and the extent or activity of 
the pulmonary lesion. One of us (A. C.) in a recent study (3) noted a 
distinct variation in the partition of calcium in a group of patients with 
chronic pulmonary tuberculosis. It seems that a relative increase in 
the diffusible fraction of serum-calcium is associated with an exudative 
type of lesion with a high degree of clinical activity, while a relative 
decrease in this fraction is associated with a productive process, relatively 
benign clinically. The total serum-calcium in the group with lesions 
which were predominantly exudative in character varied from 8.10 to 
13.00 mgm. per 100 cc., the average being 9.99 mgm. In the group with 
proliferative and fibroid lesions the serum-calcium ranged from 9.55 to 
13.80 mgm. per 100 cc., the average being 11.41 mgm. These findings 
are, however, probably dependent upon the existence of an allergic 
state in tuberculosis rather than upon the local pulmonary lesion itself. 

The present study consists of the determination of the calcium content 
of the blood-serum of 30 patients with pneumonoconiosis of the anthra- 
cotic variety, in fifteen of whom there was an associated tuberculous 
lesion. The study was undertaken for the purpose of determining (1) 
whether any alteration in blood-calcium is present in pneumonoconiosis 
and (2) whether the serum-calcium level bears any relation to the inci- 
dence and activity of a complicating tuberculous process. The degree of 
pnheumonoconiosis was established by roentgen-ray examination and is 
designated as of first-,second- or third-stageinvolvement. The degree of 
tuberculous involvement is designated as early, moderately advanced, or 
advanced. 


1 From the Department of Medicine, Jefferson Medical College and Hospital, Philadel- 
phia, Pennsylvania, and the White Haven Sanatorium, White Haven, Pennsylvania. 
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PNEUMONOCONIOSIS 


This group includes 15 male patients, varying in age from 33 to 62 
years, all workers in coal-mines, the duration of their employment rang- 
ing from 12 to 42 years. The detailed statistics are shown in table 1. 
There was one patient with first-stage involvement, age 33 years, a miner 
for 16 years, with a serum-calcium of 9.95 mgm. per 100 cc.; one patient 
with second-stage involvement, age 38 years, a miner for 23 years, had 
a serum-calcium of 11.82 mgm.; in 13 patients with third-stage involve- 
ment the serum-calcium ranged from 11.70 to 14.81 mgm. per 100 cc. 


TABLE 1 
Pneumonoconiosis 


ANTHRA- 
COSIS 


TUBERCU- 
LOSIS 


ARTERIO- 
SCLEROSIS 


CYANOSIS 


stage 
3rd 
3rd 
2nd 
1st 
2nd 
3rd 
3rd 
2nd 
3rd 
3rd 
3rd 
3rd 
3rd 
3rd 
3rd 


Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


None 
None 
Marked 
Moderate 
Slight 
Moderate 
Moderate 
Slight 
None 
Slight 
Moderate 
Slight 
None 
Slight 
Slight 


None 
Slight 
Moderate 
None 
None 
Slight 
None 
Slight 
Slight 
Slight 
Slight 
Slight 
None 
Slight 
Slight 


None 
None 
None 
Slight 
None 
None 
Streaks 
None 
Streaks 
None 
None 
None 
None 
None 
None 


* Calcium expressed in mgm. per 100 cc. of serum. 


There 


The average serum-calcium for the entire group was 12.48 mgm. 
was a history of blood-streaked sputum in two patients, slight but frank 


haemoptysis in one, and no haemoptysis in 12. Slight cyanosis was 
present in 9 cases with third-stage involvement, moderate cyanosis in 
the patient with second-stage involvement, and no cyanosis in the re- 
maining 5in this group. Arteriosclerosis was marked in one case, moder- 
ate in 4, slight in 6 and absent in 4. There was no demonstrable 
tuberculous lesion in any patient in this group. 
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| 16 38 22 11.84 
17 35 12 12.05 
18 56 30 13.14 
| 19 33 16 9.95 
20 38 23 11.82 
21 62 42 11.68 
ii 22 37 20 11.70 
23 36 20 10.50 
24 52 26 12.61 
i 25 49 20 13.80 
26 48 32 11.91 
; 27 61 24 13.42 
28 46 18 13.90 
| 29 49 28 14.81 
30 42 14.14 


SERUM-CALCIUM 


PNEUMONOCONIOSIS AND TUBERCULOSIS 


The 15 patients in this group varied in age from 28 to 59 years, and 
all had been workers in coal-mines for periods ranging from 10 to 39 
years. The pertinent data are shown in table2. There was one patient 
with first-stage involvement, age 28 years, a miner for 14 years, with a 
serum-calcium of 12.14 mgm. per 100 cc.; 5 patients with second-stage 
involvement had serum-calciums varying from 10.99 to 14.32 mgm. 
per 100 cc.; in 9 patients with third-stage involvement the serum- 


TABLE 2 
Pneumonoconiosis and tuberculosis 


ANTHRA- 
cosIS 


TUBERCU- 
LOSIS 


ARTERIO- 
SCLEROSIS 


CYANOSIS 


stage 
3rd 
3rd 
3rd 
2nd 
2nd 
3rd 
3rd 
3rd 
3rd 
3rd 
1st 
2nd 
2nd 
2nd 
3rd 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 


Early 
Advanced 
Early 
Early 
Early 
Early 
Moderate 
Advanced 
Moderate 
Moderate 
Early 
Moderate 
Early 
Early 
Moderate 


None 
Marked 
None 
Moderate 
Moderate 
Marked 
Moderate 
None 
Marked 
Moderate 
Moderate 
Marked 
Slight 
None 
None 


Slight 
Slight 
Slight 
Moderate 
Slight 
Slight 
Slight 
Moderate 
Slight 
None 
Slight 
Moderate 
Moderate 
None 
Slight 


Streaks 
None 
Streaks 
None 
Slight 
Moderate 
Severe 
None 
None 
None 
Moderate 
Slight 
Streaks 
Slight 
None 


* Calcium expressed in mgm. per 100 cc. of serum. 


calcium was from 7.98 to 13.08 mgm. per 100 cc. The average for the 
entire group was 12.25 mgm. There was a history of blood-streaked 
sputum in 3 patients, slight haemorrhage in one and haemoptysis in six. 
Cyanosis was absent in 2 cases, slight in 9, and moderate in 4. Arterio- 
sclerosis was absent in 5 patients, slight in one, moderate in 5 and marked 
in 4. The tuberculous process was classified as early in 8 cases, moder- 
ately advanced in 5 and advanced in 2. The lesion in every instance 
was Clinically active. 
DISCUSSION 


If the normal range of serum-calcium is accepted as being 9 to 11 mgm. 
per 100 cc., 13 of the 15 patients with uncomplicated pneumonoconiosis 
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case | oe | | | | casero 
years 

42 17 11.45 i 
48 20 11.05 1 
44 10 7.98 i 
48 22 10.99 
38 23 14.32 
54 22 13.06 
48 31 13.08 
55 21 12.62 . 
62 39 13.01 i 
39 15 12.76 | 
28 14 12.14 
59 12 12.20 
45 23 13.29 
50 25 12.85 : 
50 20 13.00 
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had serum-calcium values which were above normal, only 2 being within 
normal limits (table 3). In the group of 15 patients with pneumono- 
coniosis complicated by tuberculosis the serum-calcium was above normal 
in 13, subnormal in one, and within normal limits in one. It appears, 
therefore, that the existing tendency toward mild hypercalcaemia in 
pneumonoconiosis is not appreciably influenced by an associated active 
tuberculous process. It seems also that there is no constant relationship 
between the level of serum calcium and the degree of pneumonoconiosis, 
irrespective of the presence or absence of a complicating tuberculous 
lesion. Although arteriosclerosis, both of peripheral and retinal arteries, 
appeared to have an unusually high incidence in this group of patients, 
it had no apparent relation to the level of serum-calcium. The blood- 
pressures ranged from 110 to 160 systolic, and from 70 to 100 diastolic. 
Dickson and Dickson (4) reported an unusual prevalence of arterioscle- 


TABLE 3 


The serum-calcium in pulmonary tuberculosis, pneumonoconiosis and in pneumonoconiosis 
complicated by pulmonary tuberculosis 


CONDITION CASES |SERUM CALCIUM*| AVERAGE | INCREASE|DECREASE 


34 | 8.10-13.00 | 9.99 5 
29 | 9.55-13.80 | 11.41 12 
Pneumonoconiosis 15 | 9.95-14.81 | 12.48 13 
Pneumonoconiosis and tuberculosis. 15 | 7.98-14.32 | 12.25 13 


* Calcium expressed in mgm. per 100 cc. of serum, 


rosis in a group of 500 coal-miners of all ages, the process being appar- 
ently limited largely to the intima. There was no associated elevation 
of blood-pressure. They suggested as responsible aetiological factors (1) 
the inhalation of air with an abnormally high carbon-dioxide content and 
(2) the absence of daylight. As is to be expected, haemorrhage and 
cyanosis were more common and more marked in those patients with 
superimposed tuberculosis, but the severity of these manifestations, as 
of all others, was independent of the serum-calcium level. 

What significance may be attributed to the increase in serum-calcium 
present in 26 of the 30 patients studied? The maintenance of the normal 
blood-calcium concentration is dependent upon many factors. Chief 
among these are the hydrogen-ion concentration, the concentration of 
phosphate and carbonate ions, the nature and amount of serum proteins 
and the parathyroid hormone. Alteration in any one of these factors is 
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reflected in one or more of the others so that the interpretation of devia- 
tions from the normal is rendered extremely difficult. 

There has been comparatively little investigation of the problem of 
hypercalcaemia apart from its association with hyperparathyroidism. 
It is difficult to understand how a pulmonary lesion, not fundamentally 
associated with a disturbance of inorganic metabolism, can cause hyper- 
calcaemia. Ellman (5) states that microscopic examination of the para- 
thyroid glands in cases of pulmonary tuberculosis shows signs of increased 
activity of the glands, and concludes that there is a definite relationship 
between pulmonary tuberculosis and parathyroid function. This seems 
doubtful in view of the results of studies of calcium balance in tubercu- 
losis which reveal no abnormality such as a negative balance which should 
exist in the presence of hyperparathyroidism. Furthermore the serum- 
calcium in tuberculosis is usually within normal limits. Certainly no 
such state can be postulated in pneumonoconiosis which is primarily 
a local process. 

The only logical assumption in the case of pneumonoconiosis is that 
the increase in serum-calcium is a consequence of the pulmonary lesion. 
An increase in the carbon-dioxide tension of the blood is invariably 
present in pneumonoconiosis of the degree encountered in the present 
study. This is manifested by the cyanosis which was distinctly evident 
in 23 of the patients when at rest and in all 30 upon very slight exertion. 
It is our belief that the rise in serum-calcium in these cases is primarily 
dependent upon the increased carbon-dioxide tension of the blood. 
Hypercalcaemia has been found in other conditions associated with an 
increase in CO, tension, such as emphysema, cardiac decompensation 
and pneumonia (6). The absence of any distinct relationship between 
the degree of cyanosis and the level of serum-calcium may be due to 
variations in one or more associated factors, particularly in the amount 
of serum proteins. 


CONCLUSIONS 


1. In a group of 30 patients with pneumonoconiosis, 15 of whom had 
an associated active tuberculous lesion, the serum-calcium ranged from 
7.98 to 14.81 mgm. per 100 cc., being above normal in 26 patients, sub- 
normal in one, and normal in 3. 

2. The serum-calcium level bore no relation to the incidence or ac- 
tivity of the complicating tuberculous process. 
3. The hypercalcaemia in pneumonoconiosis is in all likelihood depend- 
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ent upon the increase in the carbon-dioxide tension of the blood, which 
is an inevitable consequence of the pulmonary lesion. 
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IMMUNOBIOLOGY IN THE DIAGNOSIS AND TREAT- 
MENT OF PULMONARY TUBERCULOSIS 


ADOLPH A. LILIEN? 


Although libraries have been written on tuberculosis, and decennia of 
assiduous research spent on it, as a result of which much valuable data, 
theoretical as well as practical, have been accumulated, no uniform point 
of view in either the diagnosis or therapy of the disease has been de- 
veloped. “Schools” and “methods” emphasize each their own contribu- 
tions to the study of tuberculosis, and often take but little cognizance of 
the others’. This has resulted in a certain unhealthy extreme position, 
with potentially harmful sequellae to tuberculosis sufferers. 

When should an individual be considered as suffering from tubercu- 
losis? The diagnosis is generally based on the clinical picture, and on 
bacteriological, histological and X-ray findings. These factors are very 
valuable and important, but they only become defined when the condi- 
tion is fairly advanced, that is, when the anatomical pathological changes 
are well developed. An early diagnosis on these factors is therefore im- 
possible, as a routine, and cannot reasonably be expected. 

Since the classical work of Koch, continued attempts have been made 
to develop methods of early diagnosis of tuberculosis by means of bio- 
logical tests. Although new fields for research have thus been opened 
for the student, the practical results of such tests, —tuberculin tests, cyto- 
logical tests (phagocytic index), serological tests (complement fixation), 
—have not been very encouraging. 

The old tuberculin tests are based on the existence of a hypersensitive- 
ness of the infected individual to the constituent substances of the spe- 
cific germ (allergy). The intracutaneous, Pirquet and Calmette tests 
give evidence only that an infection with tubercle bacilli has taken place. 
They afford no information as to the status of the biological struggle. 
The subcutaneous test, intended to assist diagnosis through the produc- 
tion of a general (constitutional) reaction, becomes a dangerous under- 
taking because of possible focal activation. In addition, the variability 


1 New York City. 
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in the constitution of the antigen,—due to strain, provenience, virulence, 
etc., of the bacilli used in its preparation,—makes the test tooinaccurate 
and dangerous for general use. 

The alterations in the cytology and serology that occur in the blood of 
an individual harboring an active tuberculous infection can frequently be 
demonstrated. The phagocytic index of the leucocytes often increases; 
complement fixation may be demonstrable; specific substances, such as 
agglutinins, bacteriolysins, opsonins, precipitins, etc., may appear. But 
these humoral reactions are only inconstant and transitory phases of 
immunobiological reactions to the infection, and the usefulness of the tests 
based on these changes must, therefore, be limited. 

The immunobiological reactions are the resultants of a complex of reac- 
tions: physical, serological, cellular, cytological, haematological, etc. Of 
these, the cellular seems to be the most effective, since the cells, as a result 
of the infection, permanently retain some degree of sensitization. The 
humoral reaction, transient and apparently a radiation of the struggle 
between host and invader, appears only when the line of local defense at 
the foci has been broken; it disappears when a local balance between the 
fighting forces within and around the foci has been reéstablished. 

The sum total of biological reactions in the process of active immuniza- 
tion seems to leave on the cells of the body a more or less lasting impres- 
sion through the formation of amboceptors and immune bodies. These 
amboceptors seem to come into action when new specific “‘toxic’”’ sub- 
stances enter the circulation either from within or from without. The 
promptness and effectiveness of this response seem to depend largely 
upon the degree and quality of sensitization the cells have acquired. If 
a method of testing the degree and quality of sensitization of the periph- 
eral cell were at hand, we should be enabled to estimate the degree of 
immunity the body has been able to develop. 

The sensitivity of the body cells can be measured by means of a specific 
antigen through (a) local, (b) focal and (c) general reactions. The 
local reaction is characterized by a sterile inflammatory process at the 
site of injection; the focal reaction by inflammatory changes around and 
within the focus; the general reaction by a rise of temperature and sub- 
jective symptoms of malaise. In an individual free from either latent or 
active tuberculosis, these reactions are absent. 

The analysis of a case on biological bases will be possible only if we keep 
in mind biological facts regarding the acquisition of immunity in 
tuberculosis. 
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The primary infection with tubercle bacilli generally takes place in 
early life. We might assume, without exaggeration, that this holds true 
for almost every person (after early infancy) living in a civilized com- 
munity, and that almost every person bears the marks of a past struggle 
for immunity against the infection by virtue of a slight degree of hyper- 
sensitiveness to the specific antigen. 

Until decided, the battle for immunity in tuberculosis sufferers is 
characterized by this hypersensitivity to antigen (allergy). Ifthe defense 
is strong and the battle waged successfully for the infected individual, 
the result is a relative positive anergy, or a relative absence of a marked 
reaction to a comparatively large dose of antigen. If the host is the 
loser, and the defense breaks down, there is a relative absence of reaction 
to antigen, or a state of relative negative anergy. Between these extremes 
of relative positive and relative negative anergy, there is “allergy.” v. 
Hayek characterizes this struggle for immunity as follows: 


Strong allergy means a hard battle, with engagement of strong forces on both 
sides. The presence of allergy is relatively favorable, but the outcome is not 
yet necessarily in the body’s favor. The victory is apparent when the cells 
have acquired the ability to destroy the natural antigens of the tubercle 
bacilli promptly and without marked reactions, that is, without signs of illness, 


Experience has taught us that this is only the case when the body is able 
to withstand relatively large doses of an artificial antigen without marked 
reactions at least two to three months after the last injection. The 
border-line between the clinically healthy and the clinically ill is a labile 
and shifting one. A moderate degree of sensitivity indicates that the 
battle is not yet over, even though the individual feels well. If there is 
a marked reaction to antigen (allergy), the individual must be considered 
as suffering from tuberculosis regardless of the clinical picture. 

Provided a proper antigen is used, this biological test is of great value, 
and in doubtful cases can be of material assistance in arriving at an early 
diagnosis before the clinical picture can become defined. The number ot 
antigens which have been employed is legion. They are all derived from 
the tubercle bacillus, and, although not identical, they are analogous in 
varying degree. Their use, however, is limited, for the reactions in some 
instances are very crude, and at times not without untoward effect. 

For diagnostic as well as therapeutic purposes, an antigen should be 
standardized as to quality as well as to composition. It should fulfil at 
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least the following conditions: (1) it should be specific, (2) it should be 
free from dangerous reaction and (3) it should be a measure of the degree 
ofimmunity. (By immunity is meant the proportional relation of offense 
and defense at the given time.) 

Of the legion of antigens, Tuberculomucin? (Weleminsky) seems to 
fulfil to a remarkable degree the aforementioned conditions. It seems to 
be toxoid in character without a loss of antigenic properties. The reac- 
tion set up by it is mainly a local one, general and focal reactions being 
relatively moderate as compared with the local one. The specificity of 
the reaction is further increased by the frequent appearance of a sub- 
cutaneous nodule at the site of injection in the allergic stage of the disease. 
This nodule consists histologically of tubercle-resembling tissue, and is 
diagnostically as well as prognostically of great value. 

Years of experience with antigens have taught me the following simple 
test with Tbm. in all individuals suspected of suffering from tuberculosis: 
3 mgm.of a1per cent solution of Tbm. are injected by hypodermic into 
the left forearm (no rubbing), and a similar amount of a 1 per cent solu- 
tion of the pure glycerin-bouillon in the nght forearm. Within 24-48 
hours, if a positive reaction develops, it is expressed by (1) a local reac- 
tion, and (2) less pronounced focal and general reactions. Should the 
test be negative, it should be repeated with increasing doses from 3 mgm. 
to at least 8-10 mgm. Tbm., the injections being made once a week for 
atleast four weeks. Ifthe test now becomes positive, tuberculosis should 
be concluded. 

The local reaction is characterized by (a) redness, (b) swelling and (c) 
a more or less palpable subcutaneous nodule at the site of injection. The 
nodule is the most important feature, diagnostically and prognostically. 

The erythema may vary in intensity from a faint pink to a scarlet, and 
in extent from an area the size of a dime to a phlegmon-like inflammation 
covering the whole forearm. ‘The swelling may be simply a slight promi- 
nence or it may be as large as a walnut. The subcutaneous node may 
be only of pinhead size or as large as a pigeon’s egg. All these local 


2? Hereafter referred toas Thm. Tuberculomucin is a metabolic product of tubercle bacilli, 
cultivated for a long time (8 to 10 months) in the same flasks of glycerine-bouillon, the strains 
for cultivation being selected according to their therapeutic efficiency in tuberculous animals 
of experiment, which parallels the amount of mucin produced by the bacilli. This mucin, 
the efficient substance, is a clearly defined chemical body of albumen and carbohydrate, pre- 
cipitable as a mucoid mass (coagulum) by acetic acid or boiling. 
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reactions subside within a few days, but the subcutaneous nodule may 
persist for two to three weeks. In the ascending phase of the allergic 
stage, the local reaction is in direct proportion to the degree of immunity. 
The stronger the local reaction, the better is the prognosis. This stage 
of the disease offers the best chance for the physician to take an active 
and successful part in the patient’s battle for health. 

The focal reaction is relatively slight in pulmonary tuberculosis, and 
on clinical examination is not very marked. In tuberculosis of the skin 
and mucous membranes as well as in surgical tuberculosis, the diseased 
area shows generally a more or less marked redness and some increased 
secretion. In the presence of a local reaction, a general reaction signifies 
danger of an acute exacerbation of the disease; in the absence of a local 
reaction, it is interpreted as negative anergy. Absence of a general reaction 
in the presence of a local reaction signifies allergy tending toward positive 
anergy or toward arrest of the disease. 

In advanced cases of tuberculosis, the stage of the disease can be 
easily diagnosed if the clinical picture, the laboratory findings and the 
laws of immunity described above are all taken into consideration. A 
positive Thm. reaction, with a negative clinical picture and negative labora- 
tory findings, must be considered as indicative of tuberculosis in a pre- 
clinical stage. 

The value of this test lies in the possibility it affords of diagnosing 
tuberculosis in the preclinical stage. In clinical forms of tuberculosis it 
enables us to judge the state of immunity at that moment and suggests 
a prognosis. 


The immunobiological therapy of tuberculosis is based on conclusions 
drawn from observations of the natural process of immunization. The 
stimulus given to the body by the natural antigen of the infecting germ 
causes biological reactions, the result of which is the sensitization of the 
cells to the specific germ (allergy). 

The quality and extent of the stimulus of the natural antigen, as well 
as the quality and extent of the response of the cells, find their expression 
in this proportional relation of the offense and defense which we have 
defined as “immunity.” Each new stimulus of this natural antigen 
disturbs for a while the resting relation of defense and offense. The 
potential energy of immunity is being changed for a while into a kinetic 
energy (till the reaction is over), and a new proportion in this relation is 
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established. If the infection or infections are not too massive, and the 
cells of the body are in good condition, strong immunity will develop 
without any outside interference. On the other hand, massive infections 
and a weakened resistance of the body cells will lead to disease. 

The process of stimulating the body cells by means of vaccines, toxins 
and toxoids to form antibodies has been successfully employed in many 
infectious diseases with fairly good results. In tuberculosis the problem 
has been, and still is, in part, one of a “proper” antigen. 

A beneficial influence on a tuberculous process through an antigen can 
only be expected when the antigen is an adequate one in the given case 
and the body cells possess the necessary vitality to respond. When the 
noxe is well taken care of, healing is then a natural consequence. In an 
individual, whose body cells have been damaged beyond repair by the 
action of the disease, neither antigen nor any other means we know of at 
present will restore their ability to build up an adequate defense. 

When speaking of ‘‘adequate” antigens, we want to express that in 
different anatomical cases the indications of an antigen and procedure are 
different, a fibrotic tuberculosis having a different indication from an 
infiltrative one, etc. 

That the ideal antigen is still a problem of the future, all workers in 
this field agree. The antigens which have been developed up to the 
present, however, have proved sufficiently effective to justify their use 
therapeutically, and particularly prognostically. The reaction to treat- 
ment with antigen indicates the progress of the body’s defense, and, if 
correctly interpreted, is a guide to developmental diagnosis. This will 
be better understood if a few case histories are given by way of illustration. 


1: Miss B.S., clerk, age 18. First seen June 13,1926. Had been ill for about 
one year with loss of weight, slight haemoptysis and bad cough. Temperature 
102, pulse 120, sputum positive. The chest showed infiltration of a very great 
part of the lungs (confirmed by X-ray). Diagnosis: Advanced pulmonary 
tuberculosis. Reaction to Tbm. test was negative with 3, 4,5, 6, 7 and 8 mgm., 
except for a very marked general reaction. 


2: Mrs. D. Sq., age 30, history almost identical with the preceding one. Seen 
first February 10,1928. Clinical and X-ray findings similar to preceding case. 
Tbm. test repeated up to 10 mgm. gave constantly negative result, except for 
general reaction. Immunobiologically, as well as clinically, this is an identical 
case with the preceding one: both represent advanced tuberculosis in the state 
of negative anergy. Prognosis: Hopeless. Both patients died a few months 
after first visit. 
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3: J.K.,age38. First seen July 8,1924. History: Haemorrhagea year previ- 
ously, sputum positive, physical and X-ray examinations showed marked in- 
volvement of both upper parts of lungsand hilum. Right side showed a process 
rather of the exudative type; left side, slight degree of fibrosis in involved area. 
Cavity clinically and roentgenologically around the right mamilla. Tem- 
perature, 99.3°. Tbm. test resulted in a positive, +-+C and S* and general 
reaction, Weight 135 lbs. With carefully increased doses, local reaction 
diminished and there was a slight increase in weight. General condition 
markedly improved. Reaction to test with 20 mgm. of Tom. was +++, and 
there was a marked general reaction. Patient advised to remain under obser- 
vation in view of the fact that the improvement was not completely satisfactory 
either clinically or immunobiologically. Patient was not heard of till No- 
vember 18, 1927. Interval History: Felt well till spring, 1927. Since spring 
started to lose weight and appetite. Bad cough developed and a few haemor- 
rhages occurred, the last on October 23, 1928. In last haemorrhage patient 
lost a lot of blood, about a quart in his estimation. Physical and X-ray exami- 
nations on November 18, 1927, showed marked increase of infiltration in both 
lungs, with cavity in left lung between 2nd and 4th ribs. The old cavity on 
the right side between the 4th and Sth ribs remained unchanged, and a new 
cavity appeared in the region of the right clavicle. Weight 124?lbs. Careful 
retesting showed weak reaction to 3 mgm., as well as general reaction. With 
increasing doses this state of reaction persisted till on 9 mgm. no general reac- 
tion appeared. On further treatment up to 15 mgm. the same reactivity oc- 
curred as with 9 mgm. On June 16, 1928, patient’s condition was clinically 
and roentgenologically very much improved. Weight 147 lbs. Patient re- 
turned for examination, September 8, feeling well; weight, 1483 Ibs. Re- 
tested with 10 mgm. Tbm. Reaction positive, with a C+ and S+, but no 
general reaction. Retested with 11, 12, 13, 14, 15 mgm.; there was very slight 
local reaction, but no general reaction. Weight 151 lbs. Sputum negative on 
three examinations. Reéxamined March 11, 1929: weight 152 lbs; retested 
with 15 mgm. Tbm.,—no reaction. Feels well. 


4: Mrs. M.S., age 40. First seen January 10, 1928. History: Husband died 
from tuberculosis 13 years previously. Had been losing weight for six months. 
Pulmonary haemorrhage occurred about six weeks previous to visit. Feeling 
very weak; bad cough; weight 98 Ibs.; temperature 100.3°; sputum positive. 
Physical and X-ray examinations showed marked infiltration of greater part of 
right lung, with slight fibrosis. Left Side: Cavity between 2nd and 3rd ribs in 
mammillary line. Test with 3 mgm. Tbm. gave C ++ and S ++ reactions; 


?C and S = cutaneous and subcutaneous. 
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no general reaction. With increasing doses reaction persisted till 11 mgm. had 
been reached. Since then no reaction. X-ray of chest, seven months later, 
showed marked improvement in right lung, and diminution of cavity in left 
side which seems to be shrinking; sputum remained positive; weight 118 Ibs. 
Patient feeling well to date. 


5: R. A., wood-worker, age 43. First seen April 28, 1925. Had been ill for 
about a year, with loss of weight and strength, bad cough, pains in the back, 
night-sweats. Unable to work. Temperature 99.2 ; marked dyspnoea; 
sputum positive. Physical examination showed tuberculous infiltration of 
entire right upper lobe, and scattered areas in left middle part of lung (confirmed 
by X-ray). While under observation for a week, loss of 33 Ibs. though resting. 
May 3, weight 1353 lbs. Tm. test positive with local (C++ and S++) and 
general reactions. Treatment begun with 3 mgm. and doses gradually in- 
creased. Local and general reactions continued for a while. When 10 mgm. 
had been reached no general reaction appeared. With increased doses up to 
20 mgm. Tbm., which were continued for a while, local reactions continued, but 
no general reaction appeared. From October 10, 1925, sputum remained per- 
manently negative. Maximum weight reached during treatment was 154 lbs., 
fluctuating between 154.and 148 lbs. (Patient isa hardworking man.) Last 
test with 20 mgm. Tbm., made March 14, 1929, showed only mild positive 
local reaction. Patient is feeling well and attending his work. 


Immunobiologically these cases (3, 4, 5) may be described as advanced 
subacute tuberculosis, allergic, tending at the beginning of treatment 
toward negative anergy. By treatment their immunity has been turned 
toward positive anergy. 


6: B. J., architect, aged 23. Seen first November 8, 1925. Weight 1224 lbs. 
Had always been under weight and easily tired. Drooping shoulders. Felt 
constant pain between shoulder-blades. Occasional cough; temperature nor- 
mal; sputum negative. Physical examination showed slight dulness over both 
apices, more pronounded on left. On auscultation, prolonged expiration over 
most of the lung field, occasional crackles over upper part of lungs on cough. 
Diagnosis: Fibrosis peribronchialis (confirmed by X-ray). Tbm. reactions: 
local +-++, subcutaneous nodule+, general-+-+. Reactivity to Tbm. persisted 
on careful injections with increased doses for about four weeks. Weight in- 
creased under treatment, so that, when dose of 20 mgm. was reached, patient’s 
weight was 138 lbs. Patient has been feeling well since. 


Analyzing this case clinically, we might have considered it an ordinary 
peribronchitis; immunobiologically, this was a case of chronic tubercu- 
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losis with fibrosis, allergic, with a downward trend. Reéxamined twice 
yearly since, patient is in good condition, maintaining his weight. Tbm. 
reaction at the last examination in November, 1928, was entirely negative. 
7: Mrs. M. M., age 31. Seen first October 21, 1927. History: Cough for 
14 years, loss of weight. Has beeninasanatorium for fourteen weeks. States 
that she gained 10 lbs., but lost this gain in two months. Temprature 99.6°; 
weight 89 Ibs. Physical Examination: Very weak woman, can hardly walk. 
Pulse small and rapid. Left side of chest flattened. Lung Findings: Symp- 
toms and signs of multiple cavities and infiltrations. Right Side: Multiple 
cavities and moist rales over entire right lung, amphoric breathing over entire 
left lung. X-Ray Examination: Left Lung: hardly any lung structure except 
multiple cavities. Right Lung: Infiltration over almost entire lung. Multiple 
smaller and larger cavities. Tbm. test with 3 and 4 mgm. entirely negative. 
Tests with 5, 6, 7,8, 9 mgm., negative; with 10 mgm.,C +,S +; with 12 mgm., 
C +, general +. With increased doses from 12 mgm. hardly any reaction. 
General condition fair, though no gain in weight. Patient feels stronger and 
seems more ambitious; can go about her house duties though quite short 
of breath on effort. X-ray, June 11, 1928, shows slight improvement in lung 
markings on right side, and slight indication of improvement in markings of 
left lung. Reéxamination and retesting on November 26, 1928, showed condi- 
tion fair, though clinically and immunobiologically unchanged. This case 
appeared at the beginning clinically and roentgenologically to be completely 
hopeless. Immunobiological tests justified a trial of treatment. Improve- 
ment, though not ideal, was satisfactory in the given condition. Though no 
cure in any sense can be expected, it appears that the life of the patient has been 
made more comfortable and prolonged for an indefinite period. Immuno- 
biologically, this case may be described as far advanced subacute tuberculosis, 
almost anergic in the negative sense. Immunity has been apparently slightly 
influenced just to hold balance in the battle. 


8: A. H., age 21. First seen October 7, 1928. Complained of loss of weight, 
tiredness, slight cough. Physical Examination: Prolonged expiration over 
both upper lungs, harsh breathing. X-ray examinations showed slight mot- 
tling of left apex. Increased markings of hilum; scattered calcifications in and 
beyond the hilum. Tobm. test with 3, 45,6, up to 13 mgm. gave very slight 
local, but no general reaction. 


9: F. B., age 41. Easily tired, poor appetite, general run-down condition, 
cough. Examination: Temperature normal, patient pale, very slim, flat- 
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chested; pulse small, rapid. Physical Examination of Lungs: Abnormal 
respiration all over lungs, prolonged expiration, dry rales. X-ray of the 
chest showed marked haziness over both apices, enlarged hilum, marked fibro- 
sis. Tbm. test from 3 to 12 mgm. gave very slight local reaction, no general 
reaction. 


The last two cases belong clinically and roentgenologically to the group 
of those suspicious for tuberculosis. Immunobiologically, examination 
justifies the assumption that they are healed mild tuberculosis cases, 
which require occasional reéxamination and eventually some “‘build- 
ing-up” regimen, but their condition is insignificant as far as tuber- 
culosis is concerned. 

When we reconsider cases 1 and 2, we find that the clinical picture 
and immunobiological findings, as well as the end-result, point in the 
same direction. Cases 3, 4 and 5 are representative of a group which 
makes up a large percentage of patients who attend a tuberculosis clinic 
or hospital, and who visit the physician in his private office. They are 
mild advanced cases, in which the decision as to procedure and prognosis 
can be outlined by immunobiological examination. Ina large percentage 
of these cases a proper regimen, combined with antigen therapy, suggests 
a promising field of therapy without hospitalization. 

Case 7 is clear and does not need any comment. 

Cases 8 and 9 are clinically and roentgenologically, as well as immuno- 
biologically, very interesting representatives of a group of patients witha 
general run-down condition who are very often mistaken for “early” 
tuberculosis, and fill a large percentage of beds in climatic institutions 
and private sanatoria. 

Immunobiological analysis gives us a clear indication of a general 
medical regimen to improve their run-down physical status. 

Reviewing the experience of ten years of immunobiological work in 
tuberculosis, we want to emphasize that immunobiology is no panacea,— 
neither diagnostically nor therapeutically. But though it has not yet 
solved the problem of tuberculosis it has opened a wide avenue toward 
its solution. This procedure is to be considered a new weapon in the 
armamentarium that science has thrust into our hands. Diagnostically, 
as well as therapeutically, we must utilize it in conjunction with the other 
means at hand. The innovation that immunobiology has given us is a 
clearer insight into the early stage and the biological workings of tubercu- 
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losis, as well as a chance to follow up the development of immunity. 
Therapeutically it has brought us new means of developing a strong im- 
munity in those individuals who are fit for this treatment without dis- 
carding all the other classical means utilized in tuberculosis. 


SUMMARY 


Immunobiology in tuberculosis affords us in some cases an early diag- 
nosis in the preclinical stage and helps us to explain (a) the development 
of immunity, (b) the biological stage of the struggle in the given indi- 
vidual, and (c) the prognosis. Therapeutically, in a great number of 
cases immunobiological means can be advantageously used, together with 
other means in the fight against tuberculosis. 
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A CHEMICAL VIEW OF THE PATHOGENESIS OF 
TUBERCULOSIS!” 


ESMOND R. LONG 


In attempting to develop a picture of the pathogenesis of tuberculosis 
in the time-limits of this address, it will be desirable to keep within the 
range of simplicity, and, so far as possible, out of the realm of controversy. 
So much, however, is still debatable that a view acceptable to everyone in 
all its details probably could not be presented. Fortunately a general 
agreement has been reached on such a number of points that a fairly 
comprehensive view is permitted without divergent interpretation of the 
facts observed. 

The pathogenesis of any infectious disease is the product of two factors. 
The first of these is the capacity of the parasite to grow and multiply in 
the chemical and physical environment furnished by the tissues of the 
host, and the second is the sum of those defensive mechanisms which the 
latter may bring forth to restrain this growth and spread. 

I propose to discuss this matter largely from the point of view of the 
chemical factors involved. The processes of growth and multiplication 
are essentially biochemical, involving the utilization and metabolism of 
food products, with conversion into bacillary substance, and the develop- 
ment of specific products of secretion, excretion or cell autolysis, which 
may or may not be noxious to the host. The tissues of an infected host, 
however, may be incapable of supporting continued existence of a germ, 
because of too low or too high a temperature, incompatible reaction, lack 
of suitable nutriment for bacterial growth, and so forth. In such case 
the implanted parasite is a simple foreign body which may be handled in 
the same manner as any other dead particle of similar chemical composi- 
tion. 

Very often, however, the physicochemical environment is suitable for 
growth, but the host is able to interpose a variety of mechanisms, also 
chemical in their significance, in the last analysis, which may destroy 
the germ or check its spread. These factors include such actions as 


1 From the Department of Pathology of the University of Chicago. 
2 A lecture before the Harvey Society, New York City, March 20, 1930. 


467 


| 
‘ 
i 
ie 
it 
ia 
i 
Ba 


468 ESMOND R. LONG 


coagulation of the bacillary proteins, possibly direct poisoning of bacterial 
protoplasm, solution of enveloping membranes, with plasmolysis of the 
germ, and the formation, through an initial chemical attraction to the 
region involved, of a ring of body cells which may localize the region 
of parasitic infestation mechanically or destroy the parasite through 
unusual concentration of the coagulating and digestive agencies just 
mentioned. 

It will be sufficient for the present to keep this simple outline of the 
conditions of parasitismin mind. Inevitably a conception of pathogenesis 
involves a consideration of the matter of immunity and resistance. In 
my opinion we have been inclined in recent years to treat the former too 
largely in terms of the latter, forgetting that immunity may be insus- 
ceptibility as well from failure of power in the microérganism to attack, 
as from successful effort on the part of the host to defend. You will 
recall that in the preantibody days the founder of modern immunology, 
Pasteur, followed such a view for native immunity, and suggested that 
the acquisition of resistance in a convalescent host was nothing more 
than an exhaustion of suitable bacterial nutriment in its tissue, a negative 
view of insusceptibility which was soon replaced by the more tangible posi- 
tive formulations of Metchnikoff and Ehrlich on cellular and humoral 
mechanisms of defense. 

It will also be profitable for the present to confine our attention to the 
pathogenesis of the tubercle, rather than to run the risk of getting lost in 
the maze of detail involved in an explanation of the various anatomical 
types of tuberculosis. This does not mean avoiding the major issues in 
pathogenesis, for the outcome of the disease is very largely determined by 
the course of events taking place in those individual morbid units, the 
tubercles, from which the disease derives its name. Recovery follows the 
disappearance of these units, from resorption or replacement by scar- 
tissue, while increase in size with resultant confluence makes for spread to 
new tissue or organs, and a morphology varying with the rapidity of the 
process and the particular tissue involved. 

To place this more clearly before you I shall call your attention again 
to the anatomical conformation of a typical tubercle. There is a large 
or small central region of necrosis, surrounded by a zone of large cells 
which for half a century, from a resemblance more impressive to the early 
cytologists than to the present, have been given the noncommittal term 
epithelioid. Scattered among these cells, and derived from them, are 
likely to be larger cytoplasmic masses, syncytial and multinuclear, called 
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giant cells. Outside of the epithelioid layer is a ring of lymphocytes, 
possibly fringed in turn by a developing tissue pattern of fibroblasts and 
the collagenic fibres associated with their maturity. 

In the interests of simplicity I shall still further delimit the matter of 
pathogenesis, by discarding from present consideration everything but the 
necrotic region and its adjacent zone of so called epithelioid cells. This 
may seem to be begging very important issues, but it really is not, for most 
of the story of the disease can be read from those two layers, and, as we 
shall see, there is complexity enough in this skeleton of tuberculosis I am 
thus leaving exposed to your consideration to-night. 


GROWTH REQUIREMENTS OF TUBERCLE BACILLI 


The production of such a tubercle is the result primarily of local multi- 
plication of tubercle bacilli. Before proceeding further I should like to 
review briefly for you the nutritional and growth requirements of that 
microdrganism. Of necessity we fall back upon the knowledge afforded 
us by controlled artificial culture. Its water relations are distinctive. 
Although it thrives best in a moist atmosphere, it will not grow when 
covered by a surface film of water, as, for example, below the surface of a 
liquid culture medium. Wetting a mass on solid culture media inhibits 
growth until the mass has partially dried again. Tubercle bacilli from 
suspensions in salt solution, such as are used for inoculating animals, will 
grow on the surface of solid media, but this again only after partial drying. 
Spilling water over the culture again prevents growth. These facts we 
shall keep in mind for later consideration on growth within the body. 

This delicate requirement for a proper water relation is believed to be 
linked with its respiratory peculiarities. The bacillus is strictly aérobic, 
thrives best in a high concentration of oxygen, and needs a certain mini- 
mum of carbon dioxide, although repressed by higher tensions of this 
gas (1), (2), (3), (4), (5). It grows at its best close to neutrality, but 
nearly at its maximum within the wide range of hydrogen-ion concentra- 
tion, at least from pH 6.4 on the acid side to pH 7.8 on the alkaline. 

Its inorganic ion requirements are simple. Apparently potassium, 
magnesium and phosphate ions are the only absolute essentials (6), but it 
is customary to include sodium, chloride and sulphate ions for maximum 
growth (7). Sulphur does not seem to play the part in the oxidizing 
mechanism of the tubercle bacillus claimed for it in animal cells (8). 
Calcium appears quite unnecessary. Iron in minute quantities stimu- 
lates, and in larger amounts depresses growth. 
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It obtains its nitrogen from the amino group. Its own proteolytic 
enzymes are weak; so it does not grow well on whole protein. Ammo- 
nium salts, amino acids or acid amides are entirely sufficient, and must be 
present before much attack can be made on the higher molecular combi- 
nations of nitrogen. On the other hand, the bacillus is surprisingly selec- 
tive in its utilization of carbonaceous compounds, glycerol or a monosac- 
charide, preferably glucose, being practically essential. Of these two 
glycerol is vastly superior in supporting growth. For ordinary labora- 
tory culture accessory growth factors, as vitamines, seem to be unessen- 
tial.’ 

We may now inquire how well these growth requirements may be satis- 
fied in the animal body. One thinks at once of the water relations. As 
I have already indicated, some surface drying of seeded bacteria must 
occur before growth from bacilli suspended in salt solution will take place 
on artificial culture media. Facility of respiration is probably the vital 
factor here. It is reasonable to suppose that something analogous to this 
removal of the aqueous film must occur before growth will take place in 
the animal body. It has seemed to me that a surrounding protoplasmic 
gel might act very much as the colloids of our culture media in absorbing 
this coating of water. This may sound far-fetched, but the wetting effect 
is so striking in artificial culture that I believe it merits consideration and 
specific investigation from the point of view I have indicated. 

Ordinarily the hydrogen-ion concentration bounds of bacillary growth 
are not passed, although in regions of sluggish circulation, or unusually 
active combustion, as the muscles, the acidity might be too high. Like- 
wise the acidity of regions in some cells might be excessive. The gas- 
tension idiosyncrasies seem of more moment. In regions well supplied. 
with blood sufficient oxygen is probably always present, but obliteration 
of vascular channels, as in necrosis, probably automatically terminates 
active multiplication. The carbon-dioxide factor may be equally impor- 
tant. Corper (2) has correlated in a strongly suggestive way the repress- 
ing power of carbon dioxide in artificial culture with the relative freedom 


3 Pure glycerol itself, of the kind commonly used in culture media, has been reported to con- 
tain vitamine (9). It seems to have been definitely proved that commercial vitamine B and 
certain fruit and vegetable extracts promote growth after sparse inoculation of media with 
tubercle bacilli (10). With ordinary inoculation, however, on synthetic medium containing 
_only purified substances, maximum growth proceeds without addition of vitamines. The 
only possible sources of accessory-growth substance in this case are the “pure” glycerol, as 
mentioned, and such growth factor as may be produced by the growing bacillus itself. 
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of certain tissues from tuberculosis, notably the muscles and the lungs in 
chronic passive congestion. 

The nitrogenous needs are in all probability always easily met. In the 
animal body at all times there is a considerable amount of amino nitrogen 
available, either about to be synthesized into body structure, or in the 
course of wear and tear liberation from actively metabolizing tissues. It 
is difficult to imagine a lack of these life-sustaining substances for the 
growth of the bacillus. We may pause, however, when we consider the 
carbon requirement. Glycerol and glucose are both present in the body, 
but chiefly in the combined state as fat or polysaccharide respectively, 
both nonutilizable by the bacillus. A certain amount of each, however, is 
free and readily available. It is difficult to determine how much glycerol 
is present, as our methods are feeble. I have attempted with several 
colleagues to make a rough approximation, and feel confident that in the 
blood, at least, it never reaches 0.5 per cent, which is the minimum 
amount compatible with existence in vitro. ‘The usual amount added in 
culture media is 5 per cent. Asa matter of fact, 8 or 10 per cent affords 
more luxuriant growth (11). 

Such concentrations as these are never reached in the animal body, but 
we must not forget that the nutritional state in the living animal organism 
is one of continuous supply. Although never high at a given moment, 
the amount of glycerol reaching a site of bacillary lodgment in the course 
of a day through the agency of the blood- or lymph-stream might well 
compare with the effective concentrations in artificial culture. It can 
be shown by experiment that increasing the availablity of free glycerol 
enhances the growth of the tubercle bacillus in the living body. My 
assistant, Mr. Vorwald, and I have for some time been engaged in forced 
feeding of glycerol to tuberculous rats, with the result of making some of 
them veritable culture media for tubercle bacilli. A comparison of Ziehl- 
Neelsen stains of lung tissue from rat no. 1 and rat no. 2 in the accom- 
panying figure (figure 1), brings this out. Rat 1 was an infected control 
on a normal diet. Bacilli are numerous by ordinary standards, but in 
rat 2, similarly infected, which received 80 gm. of glycerol in the course 
of 168 days, the growth of bacilli is prodigious. 

I cannot say much from personal observation on the relation of body 
glucose to the growth of the tubercle bacillus. ‘There is an old theory 
that the special susceptibility of the diabetic to tuberculosis is due to his 
hyperglycaemia. I am inclined to believe that the patient’s disordered 
fat metabofism, through an increased availability of glycerol, may be of 
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A. Rat 1. Infected but otherwise untreated. Killed after 168 days. Bacilli are present 
in moderate number. 

B. Rat2. Infected and fed large amounts of glycerol Killed after 168 days. Enormous 
numbers of bacilli are present. 
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more significance. The same is a possibility in the confirmed alcoholic, 
also of notorious susceptibility to tuberculosis, in whom the alcohol is 
metabolized in place of the dietary fat which would be completely con- 
sumed under more conventional conditions. This is outside the scope of 
this paper as I have limited it, but I believe the suggestion is worth serious 
consideration (12). 

In summary, up to this point, we find the body well able to supply the 
simple growth requirements of the tubercle bacillus. There is positive 
evidence, however, that concentrations of carbon dioxide existing in cer- 
tain regions of the body are inimical to growth, and that modifying the 
glycerol content of the tissues of the living body modifies in parallel 
fashion the growth of the tubercle bacillus therein. 


INTRACELLULAR GROWTH OF TUBERCLE BACILLI 


We may now consider the growth of the bacillus in the animal body 
more intimately. Does it grow in solid colony fashion as it does in artifi- 
cial culture? It maydoso. I have seen one case of tuberculous men- 
ingitis in a negro child of twelve, in which a whitish layer almost a milli- 
metre thick rested on the pia mater, which, stained by the Ziehl-Neelsen 
method, proved to be a solid mass of tubercle bacilli, free from tissue 
elements. A former associate of mine, Dr. P. C. Hou, reproduced this 
condition almost literally by growing tubercle bacilli in profusion on 
the faintly moist (not frankly wet) surface of a cellophane sac filled with 
sterile normal brain (13). 

Nevertheless this is not the common or the usual method of bacillary 
growth at the expense ofliving tissue. The simplest conditions for study- 
ing this problem are found in tissue culture. Here the medium usually 
supports the growth of both cells and bacilli onits surface. It has been 
shown by Maximow (14) (in culture experiments with rabbit cells), and is 
of the utmost significance, that as individual bacilli become free from the 
main bacillary masses, as a result of linear growth and cell movement, 
they tend to enter the growing wandering cells of certain types. It 
would be an etymological mistake, however, at once to consider this as 
“phagocytosis.” The cells do not eat the bacilli. In all probability cell 
inclusion is simply inevitable under the physicochemical conditions. The 
experiments of the Mudds on surface tension are most suggestive on this 
point (15). These investigators find that acid-fast bacilli (with some 
exceptions), lying at the interface of water and an oil, are drawn into the 
latter. Possibly living cells behave as do the fat globules in these experi- 
ments, by virtue of an outer lipoid or lipoid-protein film. 
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In any event, not only do the bacilli of tissue culture get into certain of 
the growing cells, but, once there, they may multiply enormously. This 
has been well shown in the drawings published by Maximow. Moreover, 
in his experiments the bacilli seemed to exert a specific effect upon grow- 
ing reticular cells, causing them to increase in size and develop mitoses at 
a much more rapid rate than in the uninfected culture. This was notice- 
able even in young cultures with few bacilli. The fact that cells remote 
from the few bacilli present showed the signs of stimulation suggested 
that a soluble product of the bacillus, rather than the bacterial body itself, 
was responsible for the change. Chemotaxis toward the growing colonies 
of bacilli was apparent in the active motion of the reticular cells in that 
direction and ultimate mobilization on the edges of the colonies. 

I mention Maximow’s work particularly in this connection, not because 
he was the only one to use this valuable technique in the study of tubercu- 
losis, but because, of the several who have done so, he succeeded in pro- 
ducing the most points of resemblance to tuberculosis im vivo. He even 
noted indications of beginning necrosis of the tissue cells in his older cul- 
tures, reminding him of caseation, and found evidence of bacillary de- 
struction and digestion in some of the cells. 

A curious paradox in Maximow’s results was the fact that virulent 
tubercle bacilli (that is, virulent for the common laboratory standard, the 
guinea pig) tended to die out after an initial growth in the cells of the 
tissue, while bacilli of a nonvirulent strain multiplied intracellularly as 
long as it was possible to maintain the individual cultures. I do not 
believe that special significance is to be attached to this particular result 
for so called virulent and nonvirulent strains. We have no means of 
knowing whether other bacilli would have conformed. But the result 
raises for us a question which must be considered in any discussion of 
pathogenesis: namely, what is virulence? The so called virulent bacilli 
of Maximow’s experiment were destroyed, as he felt, by the cultivated 
cells. They could not, therefore, be considered virulent for these cells. 
The “nonvirulent”’ bacilli, on the other hand, found ideal chemical condi- 
tions of nutrition, and multiplied rapidly, often filling up the cytoplasm 
completely. Was this virulence for these cells? It appeared to produce 
no real damage in the cells. Maximow stressed the fact that their mitoses 
were normal. In many cultures no degeneration or death of cells oc- 
curred. A true symbiosis seemed to have been established, both partners 
growing and proliferating together. I do not believe this can be called 
virulence either. 
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Without attempting to answer the question of what is virulence, with 
a simple categorical statement, I would like to call to your attention a 
fundamental investigation now under pursuit by my assistant, Mr. Vor- 
wald, on this problem. He has injected animals of a known or supposed 
widely varying range of native “immunity” to tuberculosis intravenously 
with a standard dose of human-type tubercle bacilli per kilogram weight, 
and is studying their immediate and subsequent reactions. I suggested 
this study in order to compare the initial host-parasite relations in native 
immunity with those in acquired immunity. The long and thorough in- 
vestigations of Krause (16) have made common knowledge the intensity 
of initial cellular response to implanted bacilli in already immunized 
animals. He has definitely correlated this with acquired immunity. 
Krause (17) has also called attention to the fact that, when so called 
nonpathogenic acid-fast bacilli are injected into a normal animal of na- 
tive immunity, there is again an immediate intense cellular response at 
the point of lodgment of the germs. He points out that the ‘‘native re- 
action of tissues to nonpathogenic acid-fast bacilli resembles super- 
ficially and in broad outline the response of immune animals to virulent 
acid-fast bacilli,’”’ and raises the question if it is “possible that animals are 
natively immune to the nonpathogenic acid-fasts because of their inher- 
ent vigor of reacting capacity to them?” and finally asks if the quality of 
virulence of a germ may not be inversely proportional to the ability of 
tissues to react to it. 

This extremely important question can be answered in part by observ- 
ing the native response of a variety of normal animals to equalized dosage 
of one and the same strain of tubercle bacilli. In his studies, which 
include the guinea pig, rabbit, monkey, dog, cat, chicken and turtle, 
injected with a tubercle bacillus virulent for the guinea pig, Mr. Vorwald 
finds no direct correlation between speed of initial response and ultimate 
manifestation of immunity. In one of the most resistant animals, the 
cat, it is difficult to find any sort of initial response to the lodgment of 
tubercle bacilli, while at the same time (24 hours) there is a pronounced 
reaction in the highly susceptible guinea pig (figure 2). Inasmuch as in 
all cases examined, the tubercle bacilli are finally found in cells, the 
thought is inescapable that in some way the development of tuberculosis is 
related to initial capacity of the germ to multiply within these tissue 
units of the host. In this, chemical factors are most certainly concerned. 
It is on this account that I have cited in such detail the experiments of 
Maximow on the intracellular growth. 
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The facts observed recall avery ancient idea. Those of you who have 
read Mme. Metchnikoff’s biography of her distinguished husband will 
remember that, when the latter’s experiments were in full swing, the vet- 
eran pathologist Virchow stopped in at Messina, and, while himself 
endorsing the new view, reminded Metchnikoff that the general opinion of 
pathologists of the day (1882) was that those cells, for which Metchnikoff 
had coined the term “‘phagocytes”’ in emphasis of a new-found destructive 
power, in reality furnished a favorable environment of bacterial growth. 
In their recent consideration of the relation of the monocyte to the 
tubercle bacillus White (18) and Sabin, Cunningham, Doan and their 
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Fic. 2. Comparison of growth of tubercles in guinea pig and cat (H 37 strain of tubercle 
bacillus). 


colleagues (19) have suggested a view practically identical with this old 
conception. 

That tubercle bacilli can multiply within so called “phagocytic cells”’ 
cannot be denied. In fact, from my own observation of Mr. Vorwald’s 
material of controlled experiment, I am inclined to the belief that this is 
the usual method of growth of the tubercle bacillus in the animal body. 
This does not mean the abandoning of the solidest conception of immu- 
nity from intracellular bacterial destruction. Sabin and Doan (19) have 
themselves submitted evidence that a large mononuclear cell superficially 
similar to the monocyte, the “‘clasmatocyte” of current nomenclature, 
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will destroy tubercle bacilli. Maximow (14), who was unable to find any 
such fundamental distinction among the large mononuclear cells, noted 
that at times or under certain conditions bacilli disintegrated within these 
cells in his tissue culture. There is an abundance of conflicting literature 
bearing on the point concerned, which I need not cite. The two views 
mentioned place the important questions before us with sufficient clarity. 

Without entering into the cytological controversy involved, we may 
simply point out that the evidence indicates that tubercle bacilli may 
multiply in large mononuclear cells, and under other conditions may be 
seen to fragment within such cells. A generally acceptablecorrelation 
between these facts and immunity, natural or acquired, however, has not 
yet been made, chiefly because similar pictures of destruction have not 
been found with uniformity in immune animals in contradistinction to 
susceptible animals, as one might suppose would be the case, in spite of 
a most active investigation of the problem. 

A great many difficulties enter into the question. Many of these are 
technical. Exact knowledge of the behavior of the tubercle bacillus in 
tissues depends on microscopic visibility of the germ. The staining 
proclivities of this microdrganism are notoriously mysterious. In highly 
infectious fluids, like those of cold abscesses, it is often, or perhaps usually, 
impossible to demonstrate acid-fast bacilli. In other cases, where no 
intact bacilli are to be seen, acid-fast and non-acid-fast granules are 
present. Sometimes these tissues or fluids are infectious, sometimes not.* 
An enormous amount of research has failed to furnish the much desired 
correlation. In the face of this discouraging fact, I cannot help feeling 
that almost all this effort must have been on the wrong track. 


BACILLARY GROWTH AND IMMUNITY 


A good deal of the difficulty has probably arisen from an undue focus 
of attention on lysis. We have been throttled by the side-chain theory 
of immunity and the implications of the Pfeiffer phenomenon. It does 
not seem to have occurred to us that bacterial fragmentation is usually 


4 Sabin and Doan (20) have shown that acid-fast granules may be found as the only persist- 
ing evidence of previous infection in bone-marrow (rabbit). The granules are found in the 
clasmatocytes lining the blood-vessels, and they presumably come from fragmentation of the 
bacilli. Such tissues appear to be noninfectious when injected into normal animals. On the 
other hand, the recent investigations of Kahn (21) on the growth of tubercle bacilli in vitro 
strongly suggest that a granular phase of growth, in which the granules are infectious, may 
occur in the animal body. Kahn’s paper should be consulted for the large literature on this 
subject. 
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and bacterial lysis always a postmortem phenomenon, comparable to the 
ordinary dissolution of any animal body, killed by some preceding and 
entirely independent means. To be sure, lysis is excellent evidence of 
death, but we must not forget that a dead, undissolved bacillus is just as 
harmless. Indeed a live bacillus incarcerated in an environment for- 
bidding multiplication is also absolutely innocuous, and will be as long 
as it remains in that location. 

The matter thus comes back in the long run to the conditions of multi- 
plication of bacillizm vivo. As I emphasized at the outset, this depends on 
such chemical factors as availability of necessary substances for nutrition, 
the reaction and the gas tension of the environment, the water relations 
and other physical conditions, as temperature, etc. Untold conditions of 
varying electrical charge, intracellular ionic association and dissociation, 
and so on, which I am quite unprepared to visualize, alsomay apply. In 
addition to a direct depressing effect on growth, an unfavorable chemical 
environment may bring about a lowering of virulence through a dissocia- 
tion leading to a predominating avirulent form, as may occur in artifi- 
cial culture (22). I believe the explanation of native immunity lies in 
the proper understanding of these factors. 

Acquired immunity may bea different matter. At the best it is always 
a poor substitute for native immunity. A guinea pig may be immunized 
to a certain degree against tuberculosis, but it is always possible to step up 
the dose and make him acquire it. On the other hand no amount of 
dosage will make a turtle take human type tuberculosis. You may 
poison him to death with bacilli, but he cannot develop a progressive 
bacillosis. Human-type tubercle bacilli simply do not grow in the physi- 
cal and chemical environment of a turtle. The turtle is therefore 
natively immune. 

In man we must consider both types of immunity. There is every 
evidence that some human beings possess a high degree of native immu- 
nity. In some years of paying special attention to the size of old healed 
tuberculous lesions on the autopsy table, I have been impressed by 
the fact that whereas, commonly, old calcareocaseous lesions, a quarter to 
three-quarters of a centimetre in diameter in the lungs and regional 
lymph nodes, are found as the remains of a one-time infection, in other 
bodies again and again only a minute scar or two remains to testify to an 
old infection. It is hard to account for all this discrepancy on the basis 
of accidents in the virulence and dosage of original infection. If we 
could, the fact of a persisting subsequent immunity would not square 


CHEMICAL VIEW OF PATHOGENESIS 479 


with the rather generally accepted dictum of Krause (23) that the degree of 
acquired immunity is roughly proportional to the mass of the original 
immunizing infection. It is at least as plausible to suppose that within 
the group of human beings, just as within the larger group of animals, 
there exist differences in original native susceptibility, probably depend- 
ing on individual variations in the complex conditions of chemical and 
physical tissue environment. With such fortunate individuals we need 
not concern ourselves further in a discussion of the pathogenesis of tuber- 
culosis. 

A large number of human beings, however, have always existed whose 
tissues seem to furnish readily enough the requisites for initial multiplica- 
tion of tubercle bacilli. Yet most of these people do not die of progres- 
sive tuberculosis. In the majority of cases growth of the bacillus pro- 
ceeds for a while, with corresponding tubercle-formation, and then the 
process is automatically terminated, apparently by a developed immu- 
nity. Inafewit never stops, but progresses rapidly from the outset. 

It is obvious that the bacillus grows in such tissues. More than that, 
it appears to grow within certain of the tissue cells. If nothing more than 
this happened, the condition would be comparable to the symbiosis noted 
by Maximow in tissue culture, to which I have referred. But a new fac- 
tor soon arises. Here and there local death of tissue occurs. I have 
already called your attention to it in a typical tubercle. It appears to be 
largely the result of a new development which is one of the capital facts of 
tuberculosis, a hypersensitive state of the tissues to products of the bacil- 
lus which were originally relatively harmless. 


HYPERSENSITIVENESS AND THE EFFECT OF ISOLATED CHEMICAL FRACTIONS 
OF THE TUBERCLE BACILLUS 


A large amount of research has been devoted to the evolution of this 
hypersensitive condition. Apparently the formation of tuberculous 
tissue is necessary to its origin, whether this be produced by live or dead 
bacilli. For the present we shall take its development for granted, and 
proceed withits results. No treatment of the subject of the pathogenesis 
of human tuberculosis is adequate without considerable attention to this 
phenomenon. The progress of the disease and its anatomical character 
are to a high degree conditioned by the reactions of hypersensitiveness. 

The tubercle, as we see it in the individual suffering from tuberculosis, 
is a compound of native ordinary, and acquired increased, tissue response 
to the presence of the tubercle bacillus. Practically never is it given to 
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us to examine the tissues of a human tuberculous patient at no time influ- 
enced by the development of hypersensitiveness. ‘The disease in its 
most fulminant form does not develop so rapidly as to kill before this 
event transpires. On the contrary, it is the hypersensitive state which 
makes the disease fulminant. 

All this has been brought to your attention before. My task, as I have 
outlined it, is to explain, in so far as possible, the two zones in the typical 
tubercle to which I have directed your regard. The best way to get at 
this is by experiment. Something very like these two zones can be pro- 
duced without the tubercle bacillus at all, but with chemical derivatives 
fromit. It has long been known that focalizations of large mononuclear 
wandering cells can be induced by the injection of lipoids from the tuber- 
cle bacillus. ‘The most recent contributions to our knowledge in this field 
have come from Sabin, Doan and their colleagues. They have had the 
great advantage of working with highly purified lipoids prepared by R. J. 
Anderson (24) from enormous masses of virulent tubercle bacilli grown 
by the H. K. Mulford Co. and Parke, Davis and Co. in a codperative 
research with the National Tuberculosis Association. Sabin, Doan and 
Forkner (25) (26) have found that certain of the lipoid fractions isolated 
from tubercle bacilli (which we may assume would be similarly freed from 
the bacillary body on autolysis in the animal body), notably a phos- 
phatide and certain fatty acids, have extraordinary power in stimulating 
the growth, maturation and local collection of monocytes, or, in their 
opinion, the cells forming most of the “epithelioid” layer of the tubercle. 

With certain types of injection, lesions microscopically similar to 
tubercles were produced. In some of these a striking zone of central 
necrosis comparable to the necrotic region of a tubercle could be seen. 
The significance and explanation of this was not altogether clear. Drs. 
Sabin and Doan have told me that they did not believe it was the result 
of ischaemia from pressure on the channels of nutrition by the infiltrating 
cells, for the necrosis seemed to occur only following the injection of the 
phosphatide and not the fatty acids, although each fraction produced an 
intense accumulation of epithelioid cells. 

The majority of previous observers have reached a similar result, tuber- 
cle-like structures with occasional necrosis, although usually not of the 
typical caseous variety. I am most familiar with the work of Ray and 
Shipman (27) who induced the formation of epithelioid tubercles by 
lipoids of a variety of distinguishing solubilities, from tubercle bacilli, 
saprophytic acid-fast bacilli, and also non-acid-fast bacilli, with occa- 
sional suppuration, but no true caseation. 
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A large amount of research has been devoted to the subject of the 
characteristic necrosis of tuberculosis, and the opinion is growing that 
this is largely an effect of the protein of the tubercle bacillus, in a body 
made hypersensitive to this microdrganism by persisting infection with it. 
Just as it has been possible to work with highly purified lipoid, the same 
privilege has been afforded for working with purified protein from tubercle 
bacilli. I have had the opportunity for some years of examining the 
action of purified proteins prepared by my associate, Dr. Florence Seibert 
(28), from raw materials largely from the same source as the purified 
lipoids to which I have just alluded. These proteins, while possessing 
some definite primary toxicity for normal animals, are vastly more toxic 
to the tuberculous, and therefore hypersensitive, laboratory animal. 
Small amounts injected into the skin produce hyperaemia, swelling and, 
within a short time, grossly visible necrosis (the familiar tuberculin reac- 
tion) in the hypersensitive, but not in the normal animal. Other organs 
may be similarly injured. 

Thus we see that two of the features characteristic of the tubercle can 
be produced in some degree by two groups, respectively, of purified sub- 
stances isolated from tubercle bacilli. It does not follow, however, that 
these features in the tubercle must be produced in this way. Asamatter 
of fact, while the lipoid, so potent a stimulant of epithelioid cells, does not 
cause appreciable necrosis in either the normal or hypersensitive animal, 
the protein, which causes neither necrosis nor cellular infiltration to a 
marked degree in the normal, produces both to a profound extent in the 
hypersensitive. 

I should like to emphasize this point because, as I have indicated, the 
overwhelming majority of the tubercles we see in human beings are found 
in tissues which for at least a period of the course of the disease, and usu- 
ally a long one, are hypersensitive. Inasmuch as the development of the 
tubercle is strongly conditioned by the state of hypersensitiveness, it 
follows that experiments with chemical derivatives of the tubercle bacil- 
lus carried out on normal animals cannot have the same significance for 
the pathogenesis of progressive tuberculosis as experiments carried out 
on the tuberculous. They are indeed of great importance as respects 
primary initial infection. 

With such points in mind, I have compared the immediate cellular 
response in tuberculous and therefore hypersensitive guinea pigs to equal 
dosages of purified lipoids prepared by Anderson (24) and purified pro- 
teins prepared by Seibert (28). In order to imitate natural conditions I 


4 
| 


482 ESMOND R. LONG 


used them in amounts comparable to those actually possible in a given 
area in actual disease, 0.2 mgm. or less. From long familiarity with its 
histology, and because of the extraordinary delicacy of its response to 
irritants, I used the testis for the inoculations. Of several lipoids used, 
the saturated fatty acid and the phthioic acid of Anderson seemed as effec- 
tiveasany. The Seibert protein used was one precipitated from a filtrate 
from tubercle bacilli grown on a synthetic, nonprotein medium, by half- 
saturation with ammonium sulphate. I should mention that Dr. Seibert 
has found that the protein mass precipitated from such synthetic ‘“‘tuber- 
culin” by full saturation with ammonium sulphate contains 15 to 20 per 
cent carbohydrate. The product obtained by the method Dr. Seibert 
used for this preparation contained only 2 per cent. 

The results obtained are indicated in the accompanying figure (fig- 
ure 3). Enough duplicates have been studied to afford certainty that the 
conditions portrayed are constant. One-twentieth of a milligram of tu- 
bercle-bacillus saturated fatty acid or Anderson’s highly purified phthioic 
acid injected into the testis of a tuberculous guinea pig causes in two days’ 
time a distinct but minute infiltration of cells. These are chiefly large 
mononuclears, with a smaller number of lymphocytes and polymorpho- 
nuclear leucocytes. No cellular degeneration occurs. But one-twen- 
tieth of a milligram of pure tubercle-bacillus protein injected in the same 
way into a similar animal causes an intense cellular infiltration, incompar- 
ably greater than that produced by the lipoid, and, in addition, profound 
degeneration of the sensitive germinal cells, especially the spermatocytes, 
ultimately followed by their complete absorption. Thus in the hypersen- 
sitive laboratory animal, which is the nearest we can achieve to the sick 
tuberculous patient, the protein appears much more largely responsible 
for the acute cellular infiltrations than the lipoid. It therefore seems to 
me that the immediate violent intense cellular response, that occurs 
when tubercle bacilli lodge in hypersensitive tissues, is practically a 
purely protein affair. This has of course been assumed by many previous 
workers, but not on the basis of investigation with anything like pure 
protein preparations. In the chronic, more localized lesions of tubercu- 
losis, on the other hand, the part played by the lipoid must be a very 
large one. 

Before leaving this subject, however, I wish to point out that it is 
extremely unlikely that injection of either pure lipoid or pure protein 
could represent exactly the conditions of actual infection with the 
bacillus, where these substances act in unison. Experiments on com- 
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A. Section from testis of tuberculous guinea pig injected with 0.05 mgm. tubercle-bacillus 
saturated fatty acid (Anderson). The tubules are normal. There is a minute interstitial 
infiltration of wandering cells. 

B. Section from opposite testis of same guinea pig injected with 0.05 mgm. tuberculin 
protein (Seibert). The tubules are swollen and degenerated and separated by an intense 
infiltration of wandering cells. 
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bined action are highly desirable, and are, as a matter of fact, in progress. 
The physical as well as chemical characteristics of these substances must 
be taken into account. ‘The active proteins are freely soluble, and there- 
fore capable, if alone, of diffusing widely through the tissue spaces, and 
therefore setting up diffuse reactions. The lipoids are insoluble, capable 
at the most only of emulsification. Lesions produced by them are 
likely to be focalized. Lipoids have cohesive properties, which tend to 
prevent the free removal of such substances as protein from mixtures of 
the two, and thereby, by preventing free diffusion, have a tendency to 
increase the intensity of a protein reaction in a smaller region by localiz- 
ing it there. This is only another way of explaining the circumscribed 
character of the most minute tubercles. : 

I have said nothing so far about the part played in the disease by the 
other major constituent of the body of the tubercle bacillus,its carbohy- 
drate. This is only because insufficient data on this subject have so far 
accumulated. There is gathering evidence that the polysaccharides of 
the tubercle bacillus play a réle in the serum reactions of tuberculosis 
comparable to the part played by carbohydrate in the serum reactions 
of pneumococcus infections. Laidlaw and Dudley (29) and Mueller (30) 
have reported the reacting antigenic effect of tubercle-bacillus carbohy- 
drate in the precipitin test with the serum of animals immunized against 
tubercle bacilli, and very recently Enders (31) has recorded the produc- 
tion of anaphylactic shock in similar animals, by administration of the 
carbohydrate used by Mueller. From personal contact with the inves- 
tigators concerned, I know that precipitin reactions have been given in 
high dilution by carbohydrates, prepared from tubercle bacilli by Heidel- 
berger and by Anderson and Alice Renfrew in the laboratory of T. B. 
Johnson, reacting with the serum of horses injected with large quantities 
of dead tubercle bacilli by Dr. Reichel. What the significance of these 
serum reactions is for the pathogenesis of tuberculosis and the immune 
state in that disease I am quite unprepared to say. Whether or not 
constitutional manifestations in tuberculosis may be precipitated by 
absorption of tubercle-bacillus carbohydrate into the circulation, as has 
been suggested by White (32), can only be determined by future more 
prolonged research. 

It is a fact of great interest, worth noting in passing, and one which 
increases the burden of explanation on the immunologist, that all three of 
the major constituents of the tubercle bacillus in highly purified form, the 
protein (Seibert (33)), the lipoid (Pinner (34), Doan (35)) and the 
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carbohydrate (as just cited), appear capable of reacting specifically, 
in the usual serological tests, with the serum of animals immunized to 
tubercle bacilli. Of these three, the first two, both in the purest state 
available, have been reported as acting as complete antigens, stimulating 
the production of antisera, as well as reacting with them. 


HYPERSENSITIVENESS AND ACQUIRED IMMUNITY IN THE LIGHT OF THE 
FOREGOING ANALYSIS 


Having several times skirted the fringe of the crucial problem of allergy 
and acquired resistance to tuberculosis, we should examine some of the 
issues raised in this general question before closing. Resistance and 
healing are part of the pathogenesis of tuberculosis, and merit far more 
elaborate consideration than is possible in this paper. I shall discuss 
acquired resistance to tuberculosis only in so far as it is related to the 
two elements of the tubercle to which I have limited my discussion. 
What have necrosis and the accumulation of “epithelioid” cells to do with 
resistance? We have seen how both may be due to substances from the 
body of the tubercle bacillus. First, does the process of necrosis check 
or further the spread of tubercle bacilli? Within a confined space it 
probably acts asa check. Wehaveseen that dead tissue, removed from 
an oxygen supply, is probably a poor medium for the continued growth of 
tubercle bacilli, although it is doubtful if it contains anything so injurious 
as to destroy those already there. Furthermore, the physical condition 
of caseous material is not such as to permit the entrance of motile cells 
which may carry out virulent bacilli. So far necrosis might be reckoned 
a defensive mechanism. Opie (36) has frequently referred in his analyses 
of inflammation to protection of the tissues in general at the expense of 
local injury. As a matter of fact, in tuberculosis, however, necrosis, 
so far from locally limiting the process, commonly contributes to its 
spread, for the very good reason that the tissues commonly affected are so 
constituted and situated anatomically that necrosis promptly opens up 
new passages, so that further infection is widely spread mechanically. 
The effect of necrosis in spreading tuberculosis in and from the lung il- 
lustrates this. Rich and McCordock (37) have laid great stress on this 
point in their exhaustive consideration of the relation of allergy to immu- 
nity. On the whole, then, tissue necrosis, which may temporarily isolate 
tubercle bacilli from tissue where they may do harm, in practice, in the 
long run, is likely to give them many new opportunities. Thus, other 
things being equal, we might say that inasmuch as the hypersensitive 
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state is largely responsible for gross necrosis through the poisonous effect 
of tubercle-bacillus protein on hypersensitive tissue, and gross necrosis 
favors spread, the hypersensitive state makes for progression of the dis- 
ease. 

Other things are, however, not equal. The hypersensitive state, as 
we have seen, is responsible for the unusually rapid accumulation of 
cells at each new site of infection. Krause (38) and Willis (39) have 
laid emphasis on the mechanical barrier thus set up to the outward move- 
ment of the deposited bacilli. Rich and McCordock (37) have attacked 
their hypothesis, largely through certain apparent inconsistencies in 
argument of the first two investigators themselves. Neither pair is 
inclined to put much stress upon bactericidal action or bacteriolysis as a 
mechanism of defense in the immunized animal. Krause believes bacilli 
are locally ‘‘fixed”’ for a time by the acute inflammation of the reaction of 
hypersensitiveness, but not destroyed, as they ultimately spread beyond 
the site of reaction. Rich and McCordock suggest that acquired resist- 
ance is the result neither of a bactericidal mechanism nor allergic 
inflammatory fixation, but a more subtle incompatibility of parasite and 
host comparable to the condition present in native immunity. 

I have no intention of attempting to settle the issues involved, but 
would simply point out some of the possibilities concerned. I think 
everyone would admit that a mechanical barrier so tight as to prevent 
egress of bacillus-laden wandering cells, for the period required for fibrous 
tissue investment of a region of involvement, would be a highly effective 
piece of a machinery for healing. It is, however, unlikely that a cellular 
barrier could be effective to this degree if the cells themselves permitted 
multiplication at the original rate of intracellular growth in the particular 
animal concerned. In the last analysis the problem comes back to the 
epithelioid cell and its capacity to support bacillary growth. If the cell 
is no different in character from its original state in the once susceptible 
animal, it is difficult to see how an allergic reaction, which simply brings 
to the site more cells in which growth can occur, can be of any benefit. 
In fact the reverse would be true. 

If, on the other hand, the cells themselves are changed, in such fashion 
that they destroy bacillior do not support growth well, the barrier thus 
set up might well localize the process until fibrous investment occurred. 
This localization would be a work of supererogation, if the cells of the 
same type in the rest of the body were also incapable of supporting 
growth. But there is good evidence that the cells of a tubercle, called 
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there by the allergic reaction, in time become still more hypersensitive 
and much more hypersensitive than similar cells in nontuberculous por- 
tions of the body. The extra sensitization conferred by their location 
might well modify their capacity to support bacillary growth, just as it 
modifies their character in some better-known ways. This process thus 
would mean a concentration at the site of infection of cells becoming 
increasingly superior to similar cells elsewhere in the body, in their poor 
capacity to support bacterial growth. Such a collection of cells might 
serve effectively as a localizing mechanism until the more slowly super- 
vening fibrosis occurred. 

We have no proof whether or not such a situation obtains. There are 
however several chemical factors which lead me to suspect that it might. 
A cell may become too highly sensitive to permit the life of a bacillus 
within it. The protein products thrown off from the living bacillus in its 
interior through their tuberculin effect might prove too poisonous. The 
cell would die, and the bacillus lose its food-and-oxygen-supplying host. 
The autolytic products of the cell might conceivably kill the bacillus. 
However, the tubercle bacillus is so resistant to known chemical disin- 
fectants as to render this unlikely. 

But an incompatibility of lesser degree might still create conditions un- 
favorable to bacillary growth. We have at least some suggestive leads 
on this. When cells are injured, as in the degeneration caused by the 
meeting of bacillary protein and sensitized tissue, some interference in 
respiration, with an asphyxial effect, seems to ensue, which leads to imbi- 
bition of water and swelling of the cell. In such a change area good many 
potentialities for interfering with bacillary growth. I shall mention three 
possibilities, simply as suggestions. I have no direct evidence for any of 
them. The acidity from catabolism may reach a degree precluding re- 
production of the germ. Rous (40) has shown that in certain phagocytic 
cells the acidity of parts in the cytoplasm may reach pH 3.0. This would 
be definitely inhibitive if it permeated the germ, as it would precipitate 
certain of the germ’s own proteins.® 

A disturbance in the gas relations of the bacillus might occur. The 
tubercle bacillus within a cell, just as in culture, must require a consider- 
able supply of oxygen. Ifaphagocytic cell, whipped into excessive me- 
tabolism by a protein toxic to its protoplasm, used oxygen itself at an 
excessively rapid rate, and produced carbon dioxide at a corresponding 


5 It is known that this degree of acidity in a short time destroys the acid-fastness of the 
bacillus (41). 
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speed, definite inhibiting conditions for the microérganism, at least as we 
know it in culture, would be established. 

Finally, an interference with the water relations might occur. We 
have seen how necessary a free surface, not wet in the ordinary sense of 
the word, is for the artificial culture of the bacillus, and I have suggested 
that the mononuclear cell in which the bacillus grows may furnish an 
analogous condition by absorption of water into its protoplasm. A 
hydropic degeneration of the cell, such as is known to take place in highly 
sensitized cells in a tuberculin reaction, might leave an included bacillus 
isolated in a water vacuole, and thus ina situation unsuitable for respira- 
tion, like a clump of bacilli which has fallen to the bottom of a liquid cul- 
ture medium, and therefore fails to grow. 

Other nutritional deficiencies might occur. Isee no reason however to 
imagine any great change in the availability of the necessary inorganic 
ions, or nitrogen or carbon sources. The physicochemical changes I have 
suggested as inhibitory to growth in the epithelioid cells seem more likely 
of occurrence, and, while the possibilities raised are purely theoretical, 
they seem to me quite as plausible as the theories of antibody effect and 
ferment action with which we have labored long and unfruitfully. 

Certainly, further investigation of the growth factors of the tubercle 
bacillus iz vivo should prove a profitable field of investigation. 


SUMMARY 


The first element to be considered in the pathogenesis of tuberculosis 
is the capacity of the bacillus to multiply in the physical and chemical 
environment of the tissues of the host. The growth requirements of 
the tubercle bacillus are well known in artificial culture. Its water rela- 
tions, respiration and dependence on glycerol are distinctive. In general, 
animal tissues are well adapted to meet these growth requirements. It is 
possible that the reaction and carbon-dioxide production of tissues may 
reach an inhibiting degree. It is also possible that the availability of free 
glycerol may bea factor. Modifying the glycerol content of tissues arti- 
ficially has been shown to have a profound effect on growth in experimen- 
tal tuberculosis. 

Growth in the animal body is usually intracellular; this is shown by 
tissue-culture experiments and examination of infected organs. Its 
rapidity depends on the animal. Observation of the initial cellular re- 
sponse to the introduction of tubercle bacilli in animals of varying sus- 
ceptibility indicates that intense initial cellular response does not tend to 
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check subsequent progression of the disease. Native immunity in man 
or animals appears to depend on the capacity of tubercle bacilli to multi- 
ply in the cells of the host infected. 

Acquired immunity probably depends on a similar factor. Failure of 
growth in an immunized host would be quite as effective a factor in the 
failure of development of tuberculosis as lysis of the germ. Acquired 
immunity is usually associated with hypersensitiveness. This feature of 
the disease profoundly affects its anatomical character. The manifesta- 
tions of hypersensitiveness are a response to the protein of the tubercle 
bacillus. The necrosis of the tubercle and the acute cellular responses 
of tuberculosis are largely tubercle-bacillus protein effects. The lipoids 
are responsible for much of the cellular response of the disease in its 
initial and chronic manifestations. 

Although it has not been proved, there is some reason for believing that 
the epithelioid cells of a tubercle, brought there through an allergic 
response, and increased in their hypersensitiveness by intimate contact 
with the developing microérganism, may become increasingly incom- 
patible chemically for the life of the bacillus within their protoplasm. 
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SUBACUTE AND CHRONIC PULMONARY INFECTIONS 
COMMONLY MISTAKEN FOR PULMONARY 
TUBERCULOSIS: 


HUGH J. MORGAN 


It should be noted that the title assigned limits my discussion to 
pulmonary infections commonly mistaken for tuberculosis. No attempt 
will be made to cover the whole field of nontuberculous pulmonary 
infection. Syphilis of the lung and pulmonary spirachaetosis will be 
excluded, as will lung abscess and empyema. Fungus infection of the 
lungs has been discussed in this symposium. I shall confine my remarks 
to the types of infection in adults which are frequently incorrectly diag- 
nosed pulmonary tuberculosis. They are, as was pointed out by Miller 
(1) in 1920: (1) chronic bronchitis, (2) subacute or chronic broncho- 
pneumonia, (3) bronchiectasis. 

In 1924 Brown and Heise (2) studied the nontuberculous cases dis- 
charged from Trudeau Sanatorium between the years 1916 and 1923. In 
this series there were 30 cases of clinically recognizable nontuberculous 
pulmonary disease which had been mistaken for and positively diagnosed 
tuberculosis prior to their arrival at the sanatorium. It is noteworthy 
that 75 per cent of these were in the groups which we have designated 
as chronic bronchitis and subacute or chronic bronchopneumonia. 

Before discussing separately these varieties of infection it may not be 
amiss to emphasize the “continuity” of the respiratory tract. In pul- 
monary disease we should not fail to try to visualize the whole patho- 
logical process. We know that bronchiectasis is a frequent accompani- 
ment of bronchitis,—that tracheitis and bronchitis are often secondary to 
infection higher in the respiratory tract,—that there is no sharp dividing 
line between chronic abscess and bronchiectasis It is true that in most 
cases one type of pathological process predominates. However, from the 


1From the Department of Medicine of the Vanderbilt University School of Medicine, 
Nashville, Tennessee. 

2 Presented as part of a Symposium on The Differential Diagnosis of Tuberculosis at the 
twenty-sixth annual meeting of the National Tuberculosis Association, Memphis, Tennessee, 
May 8, 1930. 
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standpoint of both correct diagnosis and treatment, the respiratory tract 
as a whole should be borne in mind in the consideration of any type of 
pulmonary infection. 


1. CHRONIC BRONCHITIS 


Perhaps the commonest aetiological factor in the production of chronic 
bronchitis is repeated acute bronchial infections. Coryza, infection 
of the paranasal sinuses and tonsillitis undoubtedly contribute to the 
development of chronic inflammatory changes in the bronchial tree. 
Emphysema, commonly encountered after middle life, predisposes to the 
condition as does bronchial asthma. Enlarged tracheobronchial lymph 
nodes, circulatory disturbances in the lung secondary to cardiac or aortic 
disease, prolonged chemical or dust inhalation are other less important 
aetiological factors which may be mentioned. 

The history is one of chronic cough with or without sputum, character- 
istically worse after such intercurrent respiratory infections as coryza. 
Winter exacerbations usually occur. A careful record will usually reveal 
the presence of one or more of the aetiological factors enumerated above. 
In cases of long standing, asthmatic symptoms frequently develop and 
the condition may simulate true bronchial asthma. 

The physical signs are diffusely scattered bronchial rales which charac- 
teristically vary in quality and distribution from day to day. These 
may be accompanied by evidence of emphysema or by the typical mani- 
festations of asthma, or both. Pulmonary osteoarthropathy may be 
present. 

In well-developed cases the sputum is abundant, purulent, and fre- 
quently contains haemolytic and nonhaemolytic streptococci, pneumo- 
cocci, staphylococci and B. influenzae. No tubercle bacilli are present. 
Haemorrhage very rarely occurs. When present, it should immediately 
direct the attention to the possibility of antecedent pulmonary tubercu- 
losis. 

It should be remembered that chronic fibroid tuberculosis is not infre- 
quently the forerunner of chronic bronchitis and emphysema, and such 
cases, as was pointed out before this Association by Miller in 1920, 


- constituted a large group of carriers of the disease. These individuals are 


particularly dangerous because of the fact that, while experiencing but 
few constitutional symptoms of tuberculosis, they expectorate great 
numbers of microérganisms. 

X-ray examination reveals definite peribronchial infiltration, maximum 
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at the lower half of the lungs, with increased root-shadows. There is no 
evidence of parenchymal involvement. With the current extensive use of 
lipiodol in pulmonary diagnosis slight changes in the size and shape of 
the bronchi will doubtless be disclosed in some cases. Ochsner (3) has 
described a condition which may be called “temporary bronchiectasis,” 
in which, after recovery from infection, bronchographic evidence of 
dilatation disappears. Such cases fall into this group and into the group 
to be discussed next. 


2. SUBACUTE OR CHRONIC BRONCHOPNEUMONIA 


This condition is second to none in importance in the diagnosis of 
nontuberculous pulmonary infections. In the literature it has been 
variously designated as: “Nontuberculous Basilar Pulmonary Infec- 
tion’”’ (4), “Post Influenzal Chronic Pneumonitis” (5), ‘“Nontuberculous 
Pulmonary Fibrosis” (6), ‘““Nontuberculous Peribronchitis” (7), “‘Infec- 
tious Bronchitis and Asthma” (8), ‘“Pseudo-tuberculosis in Influenza”’, 
etc. 

The underlying pathological changes are bronchitis, localized in one or 
both lower lobes, with varying degrees of peribronchitis and broncho- 
pneumonia. With striking frequency influenza bacilli, pneumococci and 
streptococci are found in cultures of the sputum. The condition is the 
commonest chronic pulmonary complication of influenza. It is fre- 
quently associated with focal disease in the upper respiratory tract. 

The history is one of chronic cough following influenza. The quantity 
of sputum is variable. Occasionally slight haemoptysis occurs. In spite 
of the presence of continuous low fever or of febrile bouts, and of evidence 
of extensive pulmonary infection, the general condition of the patient 
remains quite good. Symptoms of sinus infection are frequently com- 
plained of. The physical signs are those of localized bronchitis, with 
evidence of parenchymatous infiltration in one or both lower lobes. In 
rare instances the upper halves of the lungs may also be affected. The 
signs of infiltration may be localized to a small area in the back near the 
costovertebral angle or they may be present over an entire lobe. 

The sputum is purulent and usually contains one or more of the follow- 
ing organisms: Streptococcus haemolyticus, pneumococcus, B. influenzae. 
Tubercle bacilli are not present. 

A polymorphonuclear leucocytosis of moderate degree is usually pres- 
ent. The monocytes are not increased. 

X-ray examination reveals, as a rule, intensified bronchial shadows ex- 
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tending from the root downward. Occasionally shadows suggesting 
parenchymal involvement are present, although they do not have the 
fluffy, irregular outline of tuberculous infiltration. Bronchography may 
reveal slight dilatation of the affected bronchi (3). True bronchiectasis 
is a common complication in cases of long standing and one which is 
frequently overlooked. 

The diagnosis of subacute or chronic bronchopneumonia is not difficult 
if the facts regarding its development are ascertained in the history and if 
a careful examination ismade. Nevertheless, it is a diagnosis frequently 
overlooked in favor of tuberculosis. The history of antecedent influenza, 
the absence of marked constitutional symptoms, the abundance of physi- 
cal signs at the bases of the lungs, the absence of tubercle bacilli in the 
sputum, and the X-ray findings are points of great diagnostic importance. 


3. BRONCHIECTASIS 


Excluding the extremely rare congenital types, bronchiectasis is invar- 
iably secondary to infection and inflammation which weakens the bron- 
chial wall and destroys its elasticity. Commonest among the non- 
tuberculous infections predisposing to bronchiectasis are postinfluenzal 
chronic bronchopneumonia and chronic bronchitis. Unresolved lobar 
pneumonia, abscess, foreign bodies in the bronchial tree, and tumor 
should be mentioned as less frequent causes. 

The transition from bronchitis to bronchiectasis is usually a slow one 
and this is reflected in the history and course of the individual case. As 
would be expected, the bronchi of the lower lobes are the ones usually 
affected. If the process is unilateral it occurs more frequently on the 
left side than on the right. 

Individuals with chonic pulmonary disease who give a history of 
paroxysms of coughing, especially in the morning, with “gushes” of 
purulent sputum are bronchiectatic suspects. The sputum frequently 
has a disgusting odor. Haemorrhage, sometimes massive, may occur. 
The patients are usually well preserved, although in long-standing cases 
wasting ensues. The physical signs are confusing on account of the fre- 
quent presence of atelectasis or emphysema or both. Signs of localized 
bronchitis with or without evidence of infiltration are present over the 
affected area. 

Paranasal sinus infection and chronically infected tonsils are fre- 
quently found. Pulmonary osteoarthropathy is common. The granu- 
locytes of the blood are usually moderately increased. Sputum cultures 
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reveal the presence of a mixed flora, frequently containing pneumococci, 
staphylococci and haemolytic streptococci. B. influenzae is almost invar- 
iably present and will be found if carefully searched for. The examina- 
tion of the sputum for tubercle bacilli is negative. 

X-ray examinations are diagnostic in the majority of cases. They 
reveal an increase in the linear markings with irregular densities in the 
affected lower lobes. In advanced cases the region of the bronchiectatic 
process presents a honeycombed appearance. Bronchography with io- 
dized oil is essential for definite diagnosis, and its widespread use will 
undoubtedly result in the more frequent recognition of earlier stages of 
the disease. Valuable information may be obtained from bronchoscopy 
in selected cases. 

In conclusion it should be noted that these three groups of nontubercu- 
lous pulmonary infections have certain features in common: 

1: The physical signs of disease are extensive while the constitutional 
symptoms of disease are relatively slight. This is in sharp contrast to 
the usual state of affairs in tuberculosis. 

2: The evidence of disease is greatest in the lower lobes of the lungs, 
while in tuberculosis the upper lobes usually show the maximum involve- 
ment. 

3: The sputum, usually abundant, contains no tubercle bacilli in spite 
of extensive physical signs of pulmonary disease,—a very rare occurrence 
in tuberculosis. 

4: If leucocytosis is present it is due to an increase in the granulocytes. 
An inctease in monocytes, either absolute or relative, rarely occurs (9). 

Finally, it should be stated that as yet there is no safe short-cut to 
accurate diagnosis. This applies to the field of pulmonary pathology and 
to general medicine alike. The situation has been concisely stated by an 
ex-president of this Association (1): 


Methods of more or less scientific precision . . . . indispensable as they 
are, frequently fail or even confuse the diagnostician, . . . . in the last 
analysis the diagnosis . . . . depends mainly upon the development of 
that clinical sense on the part of the physician, the pursuit of which constitutes 
much of the fascination of the practice of medicine; and further, . . . . jus- 
tice to patients and the profession demands that those who see a good deal of 
pulmonary disease should constantly keep in mind the not unlikely possibility 
that a thorough general examination may explain quite otherwise the suspicious 
symptoms which are apt to be ascribed solely to the lungs; and that certain 
definite physical signs in the chest may be susceptible of quite other interpreta- 
tion than the temptingly obvious one of tuberculosis. 


ies 
i 

a 

§ 

4 

5 

i 


496 HUGH J. MORGAN 


REFERENCES 


(1) Miter, J. A.: Amer. Rev. Tuberc., 1920, iv, 502. 

(2) Brown, L., AND HeIsE, F. H.: Ibid., 1924, ix, 398, 

(3) Ocusner, A.: Am. J. M. Sc., 1930, clxxix, 388. 

(4) Hamman, L., anpD WotmaN, S.: Tr. Nat. Assn. Study & Prev., Tuberc., 1916, xii, 171. 
(5) McCruppen, F. H.: Jour. Am. Med. Ass., 1923, lxxx, 609. 

(6) Atxrnson, D. W.: Am. J. M. Sc., 1925, lxx, 693. 

(7) Meapor, C. N.: Ibid., 1926, lxxxvii, 139. 

(8) VoorsANGER, W. C., AND FIRESTONE, F.: Ibid, 1927, lxxxix, 1137. 

(9) CUNNINGHAM, R. S., AND Tompkins, E. H.: Amer. Rev. Tuberc., 1928, xvii, 204. 


THE ACTION OF THE MUSCULI INTERCARTILANGIEI 
JEROME R. HEAD! 


The term musculi intercartilaginei has been given to those portions of 
the musculi intercostales interni which lie between the costal cartilages. 
The portions between the bony ribs have been called the musculi interos- 
set. While anatomically these muscles are one continuous sheet, from 
the physiological point of view there is ample reason for considering them 
distinct muscles. Bayle and Hamberger, basing their argument upon 
the mechanical principle illustrated by the latter’s famous model, pointed 
out that, since the ribs slanted downward and outward from the spine 
and the cartilages downward and outward from the sternum, the interosset 
internt could shorten only on expiration, the intercartilagineit only on 
inspiration ; that the former were, therefore, expiratory muscles, the latter 
inspiratory. Subsequent observers have substantiated these opinions. 
In 1879 Martin and Hartwell (1) demonstrated graphically that the 
interosset internt played no part in normal respiration, but that on the 
most extreme dyspnoea they did contract during expiration. Many 
investigators observed visually that the intercartilaginei contracted dur- 
ing inspiration on quiet as well as deep breathing and were, therefore, 
regular muscles of inspiration. In 1893 Hough (2) demonstrated this 
fact graphically, as did Masoin and Du Bois Reymond (3) in 1896 and 
Bergendahl and Bergman (4) in 1897. Tracings to be presented later 
verify these findings. That these facts, observed upon the dog, are 
applicable to the human being is suggested by the fact that in a thin 
person, if one places his finger in one of the intercartilaginous spaces, he 
can feel it bulge forward and become hard during inspiration. Since, if 
the muscles were relaxed during inspiration, the intercartilaginous tissues 
would be sucked inward by the increasing negative pressure within the 
thorax, as is the case with the anterior interosseus spaces, this phenome- 
non can safely be interpreted as being caused by contraction of the muscle. 

The difficulty, which has been encountered in determining during which 


1 From the Surgical Research Laboratories of the Research and Educational Hospitals 
of the University of Illinois, Chicago, Illinois. 
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phase of respiration the different intercostal muscles contracted, a diffi- 
culty which has kept open the controversy since Galen first recognized 
that respiration was a muscular act, has focused the attention of investi- 
gators upon this fundamental aspect of the problem. The result has 
been that few have attempted to evaluate quantitatively the relative 
importance of the different sets of muscles, and that no one has presented 
a true explanation of the manner in which the force of the musculi 
intercartilagine? is exerted to elevate the ribs, or formed a just conception 
of their importance in normal quiet respiration. 

Hamberger, believing that the axis of rotation of a rib was a line drawn 
between its vertebral and sternal articulations, was unable to see that 


intercartilaginet acted with any greater advantage of leverage than the 
external or internal intercostals. It was not until 1837 that Trendelen- 
berg (5) showed that the axis of rotation of a rib was a line drawn between 
its two articulations to the vertebra. Volkmann (6) realized that this 
necessitated a new conception of the action of the intercartilaginei and 
maintained that the fixed point for the movement of the cartilages was 
the costochondral junction, and therefore that the intercartilaginei acted 
to lower the sternum and flatten the costochondral angle, thus permit- 
ting the upward and outward movement of the anterior ends of the bony 
ribs. His conception is illustrated in diagram 1. 

In this the lines AB and DE represent two ribs and BC and EF the 
corresponding cartilages. As the ribs move upward on inspiration into 
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the positions AB, DE’, the cartilages, and with them the sternum, would 
be elevated into the positions B'C! and E'F", were it not for the contrac- 
tion of the intercartilaginet, which lower the cartilages and sternum into 
the positions B!C?, E'F?. Although the sternum and anterior ends of 
the cartilages have actually been raised, they have been lowered in rela- 
tion to the anterior ends of the bony ribs. 

Volkmann’s error was in considering the costochondral junctions as the 
fixed points for the rotation of the cartilages. This conception supposes 
that the sternum is wholly unfixed and that its movement is entirely 
dependent upon that of the ribs and cartilages. This would be correct 
were all of the cartilages equally movable and were there no extra- 
thoracic forces tending to fix the sternum. 


Diagram 2. 


Were both ends of the cartilages equally movable, contraction of the 
intercartilaginet would raise the costal ends and lower the sternal ends 
through equal arcs, at the same time moving the costal ends laterally 
and the sternal ends medially equal distances. This fact is illustrated in 
diagram 2, in which the lines AB and CD represent two costal cartilages 
and the line BD the sternum and BC the intercartilaginous muscle. 
Contraction of the muscle would move the cartilages into the position 
represented by the dotted lines A’B’, C’D’. 

It is obvious that the sternal ends of the cartilages cannot move medi- 
ally because the force of the contracting intercartilaginei tending to move 
them so is directly opposed by the equal force of the muscles of the oppo- 
site hemithorax tending to move the sternal ends of the opposite carti- 
lages in an opposite direction. By the opposition of these forces the 
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sternum becomes a fixed point from which the contracting intercarts- 
laginet thrust the costal ends of the cartilages laterally. It is obvious 
also than an extracostal force tending to raise the sternum during inspira- 
tion, in so far as it opposed the force of the intercartilaginei tending to 
lower it, would make a fixed point of the sternum in a vertical sense, 
from which the intercartilaginet would rotate the cartilages about the 
chondrosternal joints and apply their force to raise the anterior ends of 
the bony ribs. That there are such forces is well known. In the human 
subject the first costal cartilage is short and relatively inflexible, and 
between it and the sternum there is no joint as there are at the other 
chondrosternal junctions. The sternum and first rib are a unit, and all 
forces applied to the one are transmitted directly to the other. During 
inspiration the first external intercostal and the scalene muscles act 
to elevate the first rib, and, because of the facts noted above, the sternum 
also. These forces are sufficient to overcome the depressing action of the 
intercartilaginet, and therefore they make of the sternum a fixed point for 
the action of these muscles and the rotation of the cartilages. The 
sternum is, therefore, an extracostal fixed point in both a vertical and a 
transverse sense from which, through the cartilages, force can be applied 
to the anterior ends of the bony ribs. 

The tremendous advantage of leverage used by the imtercartilaginei, as 
compared with that used by the external or internal znterossei, thus be- 
comes apparent. Whereas the leverage employed by the latter is equal 
only to the difference in the distances of their origins and insertions from 
the axes of rotation of the ribs, a difference always considerably less than 
the true distance between the origin and insertion of the fibres, the znter- 
cartilaginei, because the cartilages are perpendicular to the axes of the 
chondrosternal articulations, act to elevate the cartilages with an ad- 
vantage of leverage equal to the true distances between their origins and 
insertions. The great advantage, however, comes from the fact that, as 
the cartilages rise, acting from an extracostal fixed point, the sternum, 
they apply the force of the contracting intercartilaginet at the anterior 
ends of the bony ribs, where they use the leverage of the whole lengths 
of the greatest radii vectores of the ribs. Volkmann (7) has shown that 
the anterior ends of the bony ribs have the greatest radiz vectores. 

The conception is illustrated in diagram 3. 

In this S represents the sternum and V two segments of the vertebral 
column. The line LK represents the force tending to elevate the sternum 
during inspiration. As the intercartilaginous muscle BC contracts it 
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rotates the costal cartilages AB and CD upward about the axis of the 
chondrosternal junctions B and D. The force of the contracting muscle 
is thus applied through the cartilages at the anterior ends of the bony 
ribs (A and C) and rotates the ribs about their axes GI and HJ, using the 
levers AI and CJ. The leverage used by the external intercostal (EF) is 
represented by the line FM, the difference between the radiz vectores of 
the origin and the insertion of the fibres. How small this is compared 
with the entire radius vector of the anterior end of the rib is obvious. 

In 1893 Hough showed that the ¢riangularis sternt muscles contracted 
regularly during expiration. Acting as they do upon the cartilages, they 


tend to depress the ribs, and in doing this have the same advantage of 
leverage as have the intercartilaginei in raising them. 


ANIMAL EXPERIMENTS ON THE ACTION OF THE STERNUM CARTILAGE UNIT 


In the dog the first costal cartilage is long and flexible compared to 
that in the human being, and between it and the sternum there is a 
joint similar to those between the other cartilages and the sternum. The 
sternum and first rib are, therefore, capable of independent motion, and 
forces applied to one are not necessarily transmitted to the other. If, 
as in the human being, none of the cervical inspiratory muscles were 
attached to the sternum the force of the intercartilaginei tending to lower 
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the sternum would be unopposed. Actually, in the dog the sternum does 
descend on inspiration as the ribs rise, but its action is opposed by the 
pretracheal muscles which contract regularly on inspiration. 

Experiments on the dog have shown the following facts in regard to 
the action of the musculi intercartilaginet: 


1: The musculi intercartilaginei contract regularly during inspiration. (See 
protocol 1.) 

2: As the ribs rise on inspiration the sternum descends. 

3: If the musculi intercartilaginei are cut, the sternum rises on inspiration. 

4: The pretracheal muscles attached to the upper end of the sternum con- 
tract regularly during inspiration. 

5: If the pretracheal muscles are cut, the sternum descends further with 
each inspiration and the whole thorax drops into a slightly lower position. 
The excursion of the ribs is practically unchanged by cutting the pretracheal 
muscles. 

6: Section of the musculi intercartilaginei on one side of the thorax produces 
a marked decrease in the excursion of the ribs on that side. 

7: Paralyzing the intercartilaginei and the triangularis sterni muscles, by 
cutting the intercostal nerves at the costochondral junctions, produces a 60 


per cent decrease in the movement of the ribs on that side. This decrease is 
only during quiet breathing. As soon as the accessory muscles of respiration 
are called into action the movement of the ribs becomes the same on the 
two sides. 

8: In the dog the scalene muscles do not contract during respiration and the 
first rib moves slightly downward on inspiration. 


From these findings one can conclude that 


1: The musculi intercartilaginei are regular muscles of inspiration. 

2: In the dog they act to lower the sternum. 

3: In this action they are opposed by the pretracheal muscles. 

4: Inso far as the pretracheal muscles oppose the inspiratory descent of the 
sternum the musculi intercartilaginei act to elevate the ribs. 

5: In the human being the first rib and sternum are so joined by the short 
inflexible costal cartilage that forces acting upon the one act equally upon 
the other. 

6: In the human being the pretracheal muscles do not contract during 
respiration, but the first rib and with it the sternum are moved upward on 
inspiration by the contraction of the scalene muscles and the first external 
intercostal. 

7: These muscles overcome the tendency of the intercartilaginei to depress 
the sternum, and make of it an extracostal fixed point, from which the cartilages, 


| | 
| 
| 
| 


MUSCULI INTERCARTILAGINEI 503 


raised about the chondrosternal joints as axes by the musculi intercartilaginei, 
apply the force of these muscles at the anterior ends of the bony ribs. 

8: The musculi intercartilaginei act to elevate the ribs with the advantage of 
leverage equal to the entire maximum radii vectores of the ribs. 

9: What is true of the musculi intercartilaginei on inspiration is true similarly 
of the triangularis sterni muscles on expiration. 

10: The musculi intercartilaginei account for a large part of the movement of 
the ribs during quiet respiration. 

11: The intercartilaginous and triangularis sterni muscles account for approx- 
imately 60 per cent of the movement of the ribs on quiet respiration. 

12: The immobility of the ribs occasioned by paralysis of the intercarti- 
laginet and triangularis sterni muscles disappears as soon as the accessory 
muscles of respiration are called into action. 


PROTOCOL OF EXPERIMENT 1 


The musculi intercartilaginet contract during inspiration. 

The sternum moves in a caudad direction during inspiration. 

The dog, under ether anaesthesia, was placed supine on the animal 
board. A midline incision was made from high in the neck to well 
below the lower border of the sternum, and, by dissecting laterally on 


each side, the anterior half of the thorax was laid bare to the level of the 
sternum, cartilagesandribs. The insertion of the third right intercarti- 
laginous muscle was cut free, close to the fourth cartilage, and the under 
surface of the muscle freed. The muscle remained held only by its 
origin from the sternum and third cartilage. The dog was then placed 
withits caudad extremities pointing toward a kymograph and at such an 
angle that the fibres of the flap of intercartilaginous muscle pointed 
directly at the drum. ‘Threads were then run from the freed insertion 
of the fibres and from the origin of the fibres at the 3rd chondrosternal 
junction and from the 3rd costochondral junction, passed over pulleys, 
and attached to muscle levers arranged to make tracings one above the 
other. With this arrangement an upward movement of a lever would 
indicate a cephalad movement of the part to which it was attached. A 
cephalad movement of the costochondral junction indicates inspiration. 
In the accompanying record the upper tracing shows the movements of 
the tip of the flap of muscle, the middle one those of the sternum and 
the origin of the flap, and the lower one those of the 3rd costochondral 
junction. (See tracing 1.) 

This record shows that on inspiration, as the costochondral junction 
moved cephalad, the sternum moved caudad and the insertion of the flap 
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of muscle moved cephalad. The fact that the insertion of the muscle 
moved upward as the origin moved downward indicates contraction of 


the muscle during inspiration. 
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Intercartila ginous muscle 
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TRACING 1: Experiment 1 


PROTOCOL OF EXPERIMENT 2 


Following section of the intercartilaginous muscles on both sides of 
the thorax the sternum moves in a cephalad direction on inspiration. 
The normal inspiratory caudad movement of the sternum is, therefore, 
caused by contraction of these muscles. 

The dog was prepared in the same manner as that in the preceding 
experiment, and placed with his caudad extremities towards the kymo- 
graph. The intercartilaginei on both sides of the thorax were sectioned. 
Threads were run from the sternum and from the fourth costochondral 
junction to the muscle levers. The upper tracing (see tracing 2) repre- 
sents the movements of the sternum, the lower those of the costochondral 
junction. The sternum now moves upward on inspiration. 
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TRACING 2: Experiment 2 
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PROTOCOL OF EXPERIMENT 3 


The pretracheal muscles, attached to the upper end of the sternum, 
contract regularly during inspiration and so are antagonists of the infer- 
cartilaginet which tend to lower the sternum. 

In so far as these muscles oppose the inspiratory descent of the 
sternum, the iniercartilaginei tend to raise the costal ends of the cartilages 
and through them the ribs. 

The dog was prepared in the same manner as those in the previous 
experiments and arranged similarly in relation to the apparatus. The 
pretracheal muscles were cut across, close to their insertion into the 
sternum and a flap of the second right intercartilaginous muscle was 
prepared as in experiment 1. The upper of three muscle levers was 
attached by a thread to this flap of muscle, the middle to the 2nd 
right chondrosternal junction, and the lower to the free ends of the 
severed pretracheal muscles. The record shows that the pretracheal 
muscles contracted synchronously with the contraction of the intercar- 
tilaginous muscle and with the descent of the sternum. It has already 
been shown that the intercartilaginous muscles contract and the sternum 
descends during inspiration. (See tracing 3.) 


PROTOCOL OF EXPERIMENT 4 


Section of the pretracheal muscles is followed by an increased inspira- 
tory descent of the sternum. The whole thorax moves into a slightly 
lower position. There is practically no change in the excursion of the 
ribs. From purely mechanical considerations one would expect that 
they would move less when descent of the sternum was unopposed. That 
they do not can be explained upon the basis that the demands of respira- 
tion require a constant excursion and that mechanical disadvantages are 
compensated for by increased stimuli from the respiratory centre. 

The dog was prepared in the same manner as those in the preceding 
experiments and placed similarly in relation to the kymograph and muscle 
levers. The pretracheal muscles were cut across, close to their insertion 
into the sternum, and the cut end united loosely with a mattress suture so 
that the parts could be brought together or freed at will. The sternum 
was attached by a thread to the upper of two muscle levers, the 3rd costo- 
chondral junction to the lower. The kymograph was started while the 
muscle ends were separated. When the mattress suture was tightened, 
both the sternum and the ribs moved into a higher position. The inspira- 
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TRACING 3: Experiment 3 
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tory descent of the sternum was decreased. The excursion of the ribs 
was not altered appreciably. When the suture was released the thorax 
sank and the sternum descended further on inspiration. (See tracing 4.) 
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TRACING 4: Experiment 4 


PROTOCOL OF EXPERIMENT 5 


Section of the intercartilaginous muscles of one hemithorax produces 
a marked reduction in the excursion of the ribs on that side. 
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After they are sectioned the lower end of the sternum moves laterally 
on inspiration toward the side on which the muscles have been cut. 

The dog was prepared in the same manner as those in the previous 
experiments and was placed similarly in relation to the kymograph and 
muscle levers. The costochondral junction of the left sixth rib was 
attached by a thread to the upper of two muscle levers, that of the right 
sixth rib to the lower. The intercartilaginous muscles of the right hemi- 
thorax were then sectioned. Whereas, before this, the excursion of the 
two hemithoraces had been equal, there was now a marked decrease in 
the excursion of the right. The amount of this decrease is recorded in 
the accompanying tracings. (See tracing 5.) 

It was noted also that on inspiration the lower end of the sternum 
moved markedly toward the side on which the muscles had been cut. 
The dog was consequently turned with his left side toward the apparatus 
and the upper end of the sternum attached to the lower muscle lever, the 
lower end to the upper one. In this record (no. 6) inspiration was 
synchronous with the upward movement of the upper lever. This shows 
that the point to which it was attached moved away from the kymograph 
during inspiration, that the lower end of the sternum moved toward the 
right, the side on which the muscles had been cut. 

It is obvious that as the cartilages are rotated upward, either their 
costal ends must move laterally or their sternal ends medially. Because, 
when both sets of intercartilaginous muscles are functioning, the tendency 
of each to thrust the sternal ends of the cartilages medially is opposed by 
an equal tendency of the opposite set to thrust the sternal ends of the op- 
posite cartilages medially also, the sternum remains in the midline and is 
the fixed point for a strong lateral thrust upon the anterior ends of the 
bony ribs. When one set of muscles is cut, the forces tending to hold the 
sternum in balance are no longer equal, and it is thrust away from the 
side on which the muscles are still acting. ‘Thus the downward thrust of 
the intercartilaginez is opposed by the cervical muscles,—the medial thrust 
by the iniercartilagine: of the opposite side. The result is that the 
sternum is in every sense a fixed point from which the cartilages rotate 
and move the anterior ends of the ribs, as they must move about their 
axes, upward, outward and forward. 


PROTOCOL OF EXPERIMENT 6 


Paralyzing the intercartilaginous and triangularis sterni muscles on one 
side by cutting the intercostal nerves at the costochondral junctions pro- 
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Tracinc 6: Experiment 6 
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duces a 60 per cent reduction in the movement of the ribs on the af- 
fected side. 

With the dog under ether anaesthesia and with the exercise of aseptic 
precautions, an incision was made over the 3rd, 4th, 5th, 6th, 7th, 8th, 
9th and 10th costochondral junctions and the corresponding intercostal 
nerves exposed and severed at this point. Because the nerves lie directly 
on the parietal pleura it was impossible to isolate them without producing 
a pneumothorax. The wound was closed in layers and the dog allowed 
to recover from the operation. 

At the end of the three weeks, when recovery was complete and the air 
in the pleural cavity absorbed, the dog was again anaesthetized and put 
upon an operating board in the supine position. The fourth costo- 
chondral junction on each side was exposed and attached to threads con- 
nected with muscle levers, so that cephalad movements of the ribs would 
produce upward excursions of the levers and vice versa. The upper lever 
was connected with the right costochondral junction, the lower with 
the left. 

The tracing (see tracing 7) reveals a marked decrease in the excursion 
of the rib on the right side of the thorax. Observation showed that there 
was a similar immobility of all of the ribs on the right, even of the 1st and 
2nd, the nerves corresponding to which had not been cut. 

Because it was found that the amount of excursion was determined in 
part by the pressure of the recording point against the drum, the points 
were moved away from the drum and their excursions measured directly. 
The movements were 1 inch for the right rib, 23 inches for the left. Pa- 
ralysis of the 3rd to 9th intercartilaginous and triangularis sterna muscles 
reduced the excursion of the ribs by 60 per cent. 
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A COMPARISON OF THE INTRACEREBRAL METHOD 
WITH OTHER METHODS OF INOCULATING 
GUINEA PIGS FOR THE DIAGNOSIS 
OF TUBERCULOSIS 


THOMAS B. MAGATH! anp WILLIAM H. FELDMAN? 


In a preliminary study one of us (Feldman (1)) observed that animals 
which were susceptible to a given type of Mycobacterium tuberculosis, 
when the organisms were introduced by the subcutaneous or the intra- 
venous route of inoculation, usually succumbed after a much shorter 
period when the injection was made directly into the substance of the 
cerebrum. This suggested the possibility of using this method as a 
guicker and more sensitive means of determining the presence of Myco- 
bacterium tuberculosis in clinical material which was negative to a care- 
fully made microscopic examination. 

Previous investigations on inducing tuberculosis by injection of in- 
fective material directly into the brain were reported in 1912 by Man- 
waring, who, in the course of a study of the therapeutic value of leucocytes 
in tuberculous meningitis, gave intracerebral injections of bovine and 
human strains of Mycobacterium tuberculosis to a series of dogs for the 
purpose of establishing meningeal involvement. Shope and Lewis, in 
1929, in studying a paralytic disease of tuberculous guinea pigs, success- 
fully perpetuated the malady through nine successive animal passages by 
intracerebral inoculations. So far as we are aware, there has been no 
report of the intracerebral method being extensively studied as a means 
of ascertaining tuberculous infections from clinical material which is 
negative to direct microscopic examination. 

The material used in the experiment was that which passed as a routine 
through the Laboratory of Clinical Pathology of The Mayo Clinic during 
a certain period and consisted, in all, of 211 consecutive specimens, 
representing 153 separate persons. In many instances more than one 


1 Section on Clinical Pathology, The Mayo Clinic, Rochester, Minnesota. 
Division of Experimental Surgery and Pathology, The Mayo Foundation, Rochester, 
Minnesota. 
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specimen was obtained from the same patient, and from a few patients 
as many as four specimens were received. 

Eighty per cent of the material consisted of catheterized urine from 
the bladder or ureters and the remainder was composed of specimens of 
thoracic fluid, of bones and joints, of other tissue and of sputum. Each 
specimen was treated as follows: After it had been centrifugated, 
smears were made from the sediment, and in those specimens in which 
acid-fast bacilli could not be demonstrated 1 cc. of fluid, which had pre- 
viously been removed from the upper portion of the supernatant fluid, 
was added to the sediment and the mixture diluted with about 4 cc. of 
sterile physiological solution of sodium chloride. Two guinea pigs were 
each given inoculations with 2 cc. of the resultant mixture; in one animal 
the injection was given subcutaneously, and in the other intraperitone- 
ally. Part of the remaining 1 cc. was used for intracerebral injection of 
two guinea pigs, each receiving 0.25 cc. Although it is evident that there 
was considerable difference in the dosage injected by the subcutaneous 
and intraperitoneal methods, compared with that used when injection 
was intracerebral, it must be kept in mind that the former procedures 
were a definite part of a long-established routine which it was undesirable 
to upset, and furthermore that it is not possible from a physical stand- 
point to use more than 0.25 cc. intracerebrally. Again, the amount of 
material in many cases was relatively small, and it did not seem justi- 
fiable, from the standpoint of the patient, to divert material from what 
was considered a fairly reliable method to an experimental procedure of 
uncertain merit. 


METHOD OF INOCULATION 


The guinea pigs used were from the same stock as that from which 
the animals given subcutaneous and intraperitoneal injections were ob- 
tained; they were, for the most part, young adults. 

The hair was clipped from the skin overlying the dorsal aspect of the 
cranium, and the area was swabbed with alcohol. With the animal 
under light ether anaesthesia, the cranium was perforated, slightly lateral 
to the median line, with a small awl-like instrument. Care was taken to 
avoid unnecessary trauma, and particular attention was given to prevent 
the perforating instrument from entering the cerebrum. With a Luer 
syringe, fitted with a 23-gauge needle, three-eighths of an inch in length, 
the inoculum was slowly introduced into the substance of the cerebrum. 
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Occasionally some haemorrhage ensued, but this usually was of no con- 
sequence. As has been mentioned, each guinea pig received an inocula- 
tion of 0.25 cc. of the material, and this amount seemed to be tolerated 
very well by most of the animals. Usually they moved about and re- 
sponded to stimuli within a short time after awakening from the state of 
anaesthesia. In a few instances, however, death occurred almost im- 
mediately after the injection. Five guinea pigs died in this way, among 
a total of 398 guinea pigs inoculated. Although it was intended that 
two guinea pigs be given intracerebral injection with material from each 
clinical specimen, in 24 instances there was sufficient material for only 
one. 

After the injection the guinea pigs were placed two in each cage, were 
observed daily, and if death occurred necropsy was performed as soon as 
possible. Those that died even after a lapse of one day were submitted 
to necropsy, and a smear was made from the dorsal surface of the cere- 
brum, and was stained for tubercle bacilli. In those cases in which ani- 
mals died during the first five days the laboratory examination was 
limited to a stained smear from the surface of the brain, whereas, in 
those which died after a lapse of five days, sections were prepared from 
the brain and spleen for histological study. All sections were stained 
as a routine with carbol-fuchsin and haematoxylin, and this combination 
was found by appropriate control material to reveal the presence of tu- 
bercle bacilli and also to differentiate the cellular elements of the tissue 
sufficiently to enable one to determine the nature of any cellular reaction 
present.’ 

All animals which were living at the end of eight weeks subsequent 


+ The method used in staining was as follows: The material was fixed in 10 per cent for- 
malin, embedded in paraffin, and sections were cut at a thickness of 8 micra. After the sec- 
tions were fixed on the slides the paraffin was removed with xylol. The slides were then 
passed successively through the following: acetone, alcohol 95 per cent, alcohol 80 per cent, 
and alcohol 70 per cent. They were then placed in water and were ready for staining, direc- 
tions for which were as follows: (1) carbolfuchsin three hours at room temperature; make up a 
stock solution containing basic fuchsin, 10 gm. and absolute alcohol, 100 cc.; for use: stock 
solution, 10 cc., and aqueous solution of phenol, 5 per cent, 90 cc.; (2) acid-alcohol (alcohol, 
80 per cent, 98 cc.; hydrochloric acid, 2 cc.); wash until almost decolorized; (3) wash in dis- 
tilled water; (4) blot gently; (5) wash in water; (6) Harris’s haematoxylin, one minute; (7) 
wash in water; (8) acid-alcohol two to four seconds; (9) wash in water; (10) ammonia water 
1 per cent until a blue color is attained; (11) wash in water; (12) blot; (13) wash in alcohol 
95 per cent; (14) wash in aniline oil; (15) wash in a mixture of a third aniline oil and two- 
thirds xylol; (16) xylol, two to four minutes; (17) xylol, two to four minutes; (18) mount in 
balsam. 
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to the date of injection were despatched for necropsy and were examined 
for gross lesions of tuberculosis. 

An animal was considered to have died as a consequence of tuber- 
culous infection, when lesions of.a tuberculous nature were present in 
sections prepared from the cerebrum. Although the cellular reaction 
was considered to be of significance in designating the lesions as tuber- 
culous, the demonstration of tubercle bacilli within the lesions was con- 
sidered necessary before the tuberculous nature of the lesions was 
established. 

Guinea pigs were given subcutaneous injection in the upper right ab- 
dominal quadrant and intraperitoneal injections in the median abdom- 
inal line, half-way between the symphysis pubis and the costal notch. 
One was given an injection with each specimen, by each method, and 
both were kept in the same cage. If the animals did not die they were 
despatched at the end of eight weeks. Our previous observations had 
led us to believe that guinea pigs that were given subcutaneous or intra- 
peritoneal injections with clinical material that was negative to micro- 
scopic examination should as a rule live at least longer than three weeks, 
if demonstrable lesions of tuberculosis were to appear in those cases in 
which the material was eventually proved to be positive. In the course 
of many observations, we have seen guinea pigs with gross lesions after 
fifteen days, but these cases are rare. Therefore, we have considered 
inoculations to be failures if animals died previous to twenty-one days 
and gross lesions could not be seen. Likewise, it was considered un- 
likely that demonstrable histological lesions would occur in the brain in 
less than five days in those animals that were given intracerebral injec- 
tions. For these reasons, it was arbitrarily agreed that if guinea pigs, 
which had received subcutaneous or intraperitoneal injection, died in 
three weeks or less, the experiments should be considered failures, un- 
less, as rarely happens, lesions of tuberculosis should be present. Death 
in five days or less, in those animals that received intracerebral injection, 
also was considered as being due to causes other than tuberculosis. 


RESULTS 


Thirty-one (table 1) of the 211 specimens were found to be tuber- 
culous by inoculation of guinea pigs subcutaneously and intraperitoneally ; 
judged by the intracerebral route of exposure, only 11 specimens were 
designated as tuberculous. However, in three other instances, in animals 
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TABLE 1 
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which had been given intracerebral injection, acid-fast bacilli were found 
in direct smears of brain tissue, but the diagnosis of tuberculosis could 
not be substantiated by proper histological evidence. Two of the ani- 
mals died after one day and the third lived for fifteen days. Since tuber- 
culosis did not develop in any of those guinea pigs which were given in- 
jections subcutaneously and intraperitoneally with portions of the same 
material, the exact significance of the finding of organisms resembling 
tubercle bacilli in the direct smears from the brain is uncertain. In one 
of these cases many subsequent attempts were made to demonstrate the 
tuberculous nature of material from the same source as that which was 
originally injected, but without success. The first of these cases was 
that of a man who had had the right kidney removed for tuberculosis 
some time previously. He has been under frequent observation since, 
and all clinical and laboratory evidence indicated that the left kidney 
was not infected with tuberculosis. The material was obtained from the 
left kidney. The next case was that of a man with right renal tuber- 
culosis. The results in both animals that were given injections in the 
ordinary manner with urine from the right side were positive; results 
in the animals that were given intracerebral injection were negative. 
Results were negative in all animals that were given injections of urine 
from the left side. The specimen of urine from the bladder gave negative 
results in animals injected by the ordinary method, but one guinea pig 
which was injected by the intracerebral route after four days gave a 
positive smear and a negative tissue slide. The third case was that of a 
girl who died of chronic, nontuberculous empyema. The material in- 
jected was pleural fluid. 

It is possible that, in those cases in which bacilli resembling tubercle 
bacilli were found in direct smears, but in which the histological evidence 
of tuberculous infection was absent, the organisms were acid-fast bacilli, 
nonpathogenic for man. 

Comparisons of the instances in which failure occurred in the guinea 
pigs that were given injections are particularly striking. After the usual 
methods of inoculation, 32 guinea pigs died before the lapse of sufficient 
time for lesions to become manifest, whereas, following the intracerebral 
method of injection, 142 animals died in between one and five days. In 53 
instances of failure, in the group in which intracerebral injection was given, 
both guinea pigs which had received material from the same specimens 
died, whereas, of those which were given injections by the subcutaneous- 
intraperitoneal method, there were only two instances in which both 
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animals died. The cause of death in animals that received intracerebral 
inoculation is not altogether explained on the basis of bacteria other than 
Mycobacterium tuberculosis being present in the material, since many 
specimens which caused death of guinea pigs before five days were sterile. 
In fact, there was but slight correlation between the presence or absence 
of bacteria, or their variety, and the death of such animals. We have 
known for a long time, on the other hand, that Escherichia coli in speci- 
mens usually causes the early death of guinea pigs that are given intra- 
peritoneal injection unless its virulence is attenuated by keeping the 
material four or five days in the ice-box before administering it. 

As to the lapse of time before death in the respective groups in which a 
positive diagnosis of tuberculosis was made, we found that, by the sub- 
cutaneous-intraperitoneal method of inoculation in 21 of the cases, a 
positive diagnosis was obtained only when the guinea pigs were killed 
eight weeks subsequent to the injection. In the other 10 cases, in which 
results were considered positive by the subcutaneous-intraperitoneal 
routes of inoculation, the death of one or of both of the guinea pigs that 
were given injection with each specimen occurred as follows: ten to 
twenty days, two; twenty-one to thirty days, two; thirty-one to forty 
days, two; forty-one to fifty days, three; and fifty days, one. 

In the 11 cases in which results were considered positive by the intra- 
cerebral method of exposure, and in which there was diagnostic agree- 
ment with the results in the group that was given subcutaneous-intra- 
peritoneal injection with portions of the same material, death occurred 
as follows: one to twenty days, two; twenty-one to thirty days, two; 
thirty-one to forty days, four; and forty to fifty days, three. In two 
instances a positive diagnosis was obtained at one day and at nine days, 
respectively, from the animals that were given intracerebral injection, 
whereas the animal that was given subcutaneous injection with a portion 
of the material obtained in the same case was living at eight weeks, 
although it was unmistakably tuberculous. The guinea pig that had 
been given intraperitoneal injection died on the fifteenth day subsequent 
to the inoculation, and positive lesions were observed. In several in- 
stances the time which elapsed before a positive diagnosis was possible 
did not differ materially in the two methods. For instance, in one case, 
the two guinea pigs that had been subjected to inoculation by the sub- 
cutaneous-intraperitoneal procedure, both died in twenty-one days, 
whereas those that had been exposed by the intracerebral method died 
on the eighteenth and twenty-first days, respectively. In another case, 
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those that were given injection by the usual subcutaneous-intraperitoneal 
method died in thirty-two and thirty-five days, respectively, and those 
that were given intracerebral inoculation died in thirty-one and thirty- 
four days, respectively. In the majority of cases, however, a positive 
diagnosis was obtained in a shorter period of time than in those animals 
which had been given intracerebral injection. In only one instance did 
death of a guinea pig from which a positive result was obtained after 
subcutaneous-intraperitoneal inoculation occur before that of an animal 
that was given intracerebral inoculation with portions of the same mate- 
rial. If results with individual guinea pigs are counted, there were among 
the 31 positive cases 10 negative results, and one failure among those 
animals that were given injections in the ordinary manner; there were 
26 negative results and 15 failures among those animals that were given 
intracerebral injections. 

It was observed that greater sensitivity to tuberculous injection was 
evident in those animals that were infected intraperitoneally as compared 
with those that were given inoculation subcutaneously, or else those 
that were given intraperitoneal injection received an effective dose, 
whereas those that were given subcutaneous injection did not. In fact, 
in 7 instances in which negative results were obtained in the animals that 
were given intracerebral injection, those that received subcutaneous injec- 
tion gave negative results, whereas results in those in which injection was 
intraperitoneal were considered positive. In two cases, however, both 
the animals in which inoculation was of the brain and those in which it 
was intraperitoneal became tuberculous, whereas the animal which had 
been given subcutaneous injection remained normal. 

The guinea pigs which died subsequent to intracerebral injection of 
material which contained virulent tubercle bacilli were for the most part 
in good flesh. Symptoms of illness seldom were noticed, except that an 
occasional animal would become paralyzed a day or so before death. 

When the brain was exposed by removal of the upper portion of the 
cranium, there was invariably present a hyperaemic condition of -the 
meninges, and particularly of the pia mater. The dura mater, in many 
cases, was adherent, in one or more places, to the overlying bone. This 
resulted, perhaps, as a consequence of the perforation made at the time of 
the injection. In most instances the cerebellum as well as the cerebrum 
was grossly hyperaemic. The lungs, liver, spleen, and kidneys seldom 
revealed gross abnormalities, although in a few instances the spleen was 
considered to be slightly enlarged, and in one spleen were found a few, 
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grayish-white foci, which subsequently proved to be of a tuberculous 
nature when examined histologically. There was nothing diagnostically 
characteristic about the gross lesions in those animals which died as a 
result of intracerebral inoculation with tuberculous material, and micro- 
scopic examinations were necessary before the presence or absence of 
tuberculous infection could be determined. 

Smears from the surface of the cerebrum, stained with carbolfuchsin 
and counterstained with Loeffler’s methylene blue, showed, in the majority 
of positive cases, a few to many acid-fast bacilli among a variable number 
of leucocytes predominatingly monocytic in character. Occasionally 
smears made from the freshly cut surface of the spleen also revealed a 
few acid-fast bacilli. 

The brains of all guinea pigs in which positive results had been obtained, 
except one, gave histological evidence of tuberculous infection. In the 
one exception the direct smear was positive, and sections from the spleen 
contained typical lesions which contained tubercle bacilli. Failure to 
observe lesions of the brain may have been due to inability to obtain 
sections from that portion of the cerebrum in which they lay, although 
several preparations were made. 

Microscopically the lesions of the brain were essentially monocytic, 
and exhibited marked predilection for the sulci (figure 1). It was ex- 
ceptional to observe involvement of the surface portion of the pia mater 
(figure 2). Although the lesions were consistently present in the sulci 
in many of the brains, the cerebrum proper was extensively compromised 
(figure 2). 

The cellular elements constituting the lesions appeared to have had a 
perivascular inception (figure 3). They consisted of a diffuse accumula- 
tion of cells, with but slight, if any, tendency toward the formation of 
tubercles, and giant cells of the Langhans type never were observed 
(figure 4). Early caseous necrosis was apparent in a few of the brains 
examined. Tubercle bacilli were generously distributed among the cells 
of the majority of the lesions. 

Microscopic lesions of tuberculosis were present in the spleens of all 
guinea pigs in which positive results were obtained and which had been 
inoculated intracerebrally, except one, and this animal’s death occurred 
ten days after injection, which was probably too early for demonstrable 
splenic lesions to become established. Lesions in the spleen varied in size 
and number according to the lapse of time between the injection and 
the death of the animal. They had their origin in the malpighian bodies 
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and were rather definitely limited to these structures in their subsequent 
development (figure 5). The type cell was monocytic and similar in 
every respect to those constituting the predominant cell in the lesions of 
the brain. Tubercle bacilli could be demonstrated in all of the splenic 
lesions, and in many they were abundantly present. The Langhans 
giant cell was not seen, and only occasionally was there evidence of 
necrosis; the lesions were predominantly progressive. 

In approximately half of the livers a few small and usually indefinite 
lesions were discernible, in which a very few tubercle bacilli were demon- 


Fic. 1. Tuberculous lesion occupying the sulcus of the brain of a guinea pig which was 
given intracerebral injection, eighteen days before death, with urine from the right kidney of a 
patient. Typical acid-fast bacilli were present among the diffusely disposed monocytic cells. 
The direct smear from the surface of the brain was positive. (X 85) 

Fic. 2. Tuberculous lesions involving the peripheral portions of the cerebrum of a guinea 
pig which was given intracerebral injection thirty-three days before death with urine from the 
right kidney of a patient. The identity of the pia mater has been obliterated by extensive 
meningealinvolvement. (XX 42) 

Fic. 3. The same guinea pig as that used in figure 2. The perivascular position of the 
monocytic cells constituting the lesion is characteristic of many of the earlier lesions. (XX 100) 

Fic. 4. The same guinea pig as that used in figure 2. The lesion occupies a sulcus and 
many acid-fast organisms could be demonstrated among the cells of the lesion. This lesion 
shows early necrobiotic changes. (X 75) 

Fic. 5. Tuberculous lesion of the spleen of a guinea pig which was given intracerebral 
inoculation forty-five days before death with urine from the bladder of a patient. The spleen 
appeared normal at necropsy. Microscopically, however, multiple lesions were present 
throughout the organ. The brain also was extensively involved. (X 85) 

Fic. 6. Tuberculous lesion of the brain of a guinea pig which died thirty days following the 
intracerebral injection of urine from the right kidney of a patient. Although extensive lesions 
were present in the substance of the cerebrum and in the sulci, a direct smear from the sur- 
face of the pia mater failed to reveal acid-fast bacilli. Many organisms were present among 
the cells constituting the lesions in both the brain and the spleen. (X 42) 


strated. These lesions were for the most part of such a character that their 
tuberculous nature could not be determined without the aid of the carbol- 
fuchsin stain, which revealed the presence of typical acid-fast bacilli. 
Obviously the hepatic lesions are of minor significance in the distribution 
of a primary cerebral tuberculous infection in the guinea pig which has 
been given inoculation with material of human origin. 

Lesions of tuberculosis were not observed in sections studied from the 
lungs and kidneys of the guinea pigs in this series which succumbed to a 
tuberculous infection intracerebrally induced. 

The lesions resulting from the inoculation of tuberculous material sub- 
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cutaneously or intraperitoneally are so well known as to call for no com- 
ment. Attention should be drawn to the fact that the spleen is practi- 
cally always involved with the peritoneal lymph nodes and that the liver 
frequently is affected. There is usually no question about the nature 
of the gross lesions in guinea pigs that have lived as long as six weeks, 
and usually after three weeks difficulties were not encountered, although 
occasionally spleens had to be sectioned before the diagnosis could be 
made. Often a sinus develops at the site of inoculation in animals that 
receive subcutaneous injection. 


COMMENT 


In any method used to detect tuberculous infection by inoculation of 
animals there are at least four conditions of significance in evaluating the 
reliability of the procedure: (1) its sensitivity; (2) the assurance that the 
majority of the animals given injections will live a sufficient length of 
time to permit the development of demonstrable lesions of tuberculosis 
if the inoculated material contains virulent tubercle bacilli; (3) the period 
of time which must elapse before a positive or negative opinion can be 
given; and (4) the method should preferably be one which is not dependent 
on complicated or elaborate procedures for the interpretation of results. 
In comparing the results obtained by the respective methods followed 
in this experiment, it is at once apparent that, judged on the basis of the 
different factors outlined, the two methods are much at variance. 

If the sensitivity of the intracerebral method of inoculation is judged 
entirely on the basis of the number of positive results obtained by the 
subcutaneous-intraperitoneal method, in this experimental study the 
former procedure suffers. Although a total of 31 positive results were 
determined by subcutaneous-intraperitoneal injection, compared with 
but 11 obtained by the intracerebral method of inoculation, there are 
several factors which should be considered as being of significance in ex- 
plaining this discrepancy. There was considerable difference in the 
dosage of the infective material used in the two methods. The guinea 
pigs that were given subcutaneous injection and those that were given 
intraperitoneal injection each received 2 cc., or a total of four-fifths of the 
original material, whereas the animals that were given intracerebral 
injection each received 0.25 cc., or a total of one-tenth of the original 
material. Although material might be concentrated more for intra- 
cerebral inoculation, it is evident that only a small dose can be given at 
best. When it is considered that tubercle bacilli were present when re- 
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sults were positive in such small numbers that they could not be demon- 
strated by careful microscopic examination, it is at once apparent that 
the chance of obtaining positive results is many times greater when four- 
fifths of the original material is used as compared to one-tenth. The 
tendency of tubercle bacilli to clump or to adhere to small bits of tissue, 
mucus or cells would make it possible for an animal which was given a 
larger dose to obtain most, if not all, of the organisms present. Again, 
dividing material among too many animals might reduce the number of 
organisms each gets to a point at which tuberculosis may not develop 
in any or all. This might account for many of the results observed in 
which, in one of the two guinea pigs that were given injections by the 
subcutaneous-intraperitoneal method, a negative result was obtained, 
whereas in the other, which received a similar dose of the same material, 
a typical tuberculous infection developed. 

In a series of 1,000 guinea pigs that were given injections and were 
studied by one of us (Magath) some time ago, there was agreement be- 
tween the results of subcutaneous and intraperitoneal injection in all but 
16 instances. In 8 of these, the results in the animals that were given 
intraperitoneal injection were positive; those that were given subcu- 
taneous injections were negative and vice versa. 

It should be pointed out, further, that more than 15,000 inoculations 
of guinea pigs with suspected tuberculous material were carried out by 
one of us (Magath). The results have demonstrated that, whereas 
tuberculosis develops in a greater percentage of animals when they 
are given intraperitoneal than when they are given subcutaneous 
injection, when they live for as long as eight weeks more of those which are 
given intraperitoneal injection die before lesions have time to develop. 
This is especially true when urine is injected and when it contains large 
numbers of Escherichia colt. 

Another factor which unquestionably reduced the number of positive 
results obtained in the animals that were given intracerebral injection 
was the high percentage of failures. One hundred and forty-two of the 
animals which were given inoculations in this manner died before demon- 
strable tuberculous infection had an opportunity to develop. This, of 
course, constitutes what is perhaps the most serious objection to the 
method as a practical means of diagnosing tuberculous infections by 
inoculation of animals. The objection becomes even more significant 
from the standpoint of the patient when it is pointed out that in a discour- 
agingly large number of the cases (53) both of the guinea pigs which re- 
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ceived material from a given specimen died within one to five days. 
Obviously, one’s entire reliance should not be placed on a method subject 
to such failure. From our observations, animals of good stock, which are 
given subcutaneous or intraperitoneal injection and which are given or- 
dinarily good care, will, in the great majority of cases, survive for a suffi- 
cient period of time to enable one to make a positive or a negative diag- 
nosis. Although an occasional animal will die sufficiently soon after the 
injection for the procedure to be recorded as a failure, the instances in 
which both animals die after being given injections with material from a 
given patient are exceedingly rare. 

As to the time which must elapse before a positive diagnosis can be 
secured by these methods, the results of these and of other experiments 
(1) probably are in favor of the intracerebral method. Although the 
difference between the results of intracerebral injection and other methods 
in many cases was not striking, it is of sufficient importance to justify, in 
selected cases, the injection of animals by the intracerebral method, in 
addition to those inoculated as a routine subcutaneously and intraperi- 
toneally, if sufficient material is available. Often, although not always, 
an early positive diagnosis obtained from the brain of a guinea pig given 
intracerebral injection will justify despatching one of the animals given 
injection by the usual method, and confirmatory evidence of clinical value 
may be obtained at an earlier time than would have been possible if the 
despatched animal had been permitted to die spontaneously or had been 
despatched and necropsy performed after eight weeks. Of course it is 
possible to hasten the diagnosis obtained from guinea pigs that have re- 
ceived injections in the ordinary manner by despatching one or both of 
them before eight weeks have elapsed, but as a routine procedure the 
process is hazardous. Nevertheless, it seems likely that these animals 
could be despatched, with safety to the results, after six weeks, if sec- 
tions are made of the spleens and these are stained for Mycobacterrum 
tuberculosis. If the animals that received injection in the ordinary way 
had been despatched as soon as a positive diagnosis had been obtained by 
injection by the intracerebral route the elapsed time obviously would 
have been greatly reduced. Animals which received intracerebral in- 
jection, and in which the results were positive, died in from nine to forty- 
nine days. 

Another possible objection to the intracerebral method of injection 
is the much greater and more laborious technical routine necessary in order 
to obtain conclusive evidence of a tuberculous infection. Of course, 
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the making of a smear from the surface of the brain, and its subsequent 
staining by carbolfuchsin, requires but a few minutes, but one should 
not place too much reliance on the presence or absence of acid-fast bacilli 
in such a preparation. Occasionally, acid-fast organisms, morphologi- 
cally indistinguishable from tubercle bacilli, may be present in smears 
from the brain and histological evidence of tuberculosis will be absent in 
sections. It is possible, of course, that the organisms found in the 
smears are in fact tubercle bacilli which are limited in their situation 
to the meninges, and which possess inadequate virulence to establish 
lesions in the substance of the brain. Only additional investigative work 
can determine the exact status of this phase of the problem. Again, 
direct smears from the brain may be considered negative, and sections 
prepared from the organ will reveal extensive tuberculous lesions (figure 
6). It is imperative, therefore, that histological sections be prepared 
before a final opinion be given as to whether tuberculosis is present or not. 
This calls for dependable technical assistance and requires from three to 
four days after the tissue is fixed before sections are available for study, 
unless frozen sections are used. 

As a consequence of this study, it is our opinion that the intracerebral 
method of inoculation cannot be offered as a satisfactory substitute for 
the usual procedures of injection in determining positive cases of tuber- 
culosis from clinical material by inoculation of guinea pigs. —Themethod 
might, however, be considered as an auxiliary means of diagnosis in 
selected cases. In addition, the procedure offers a means of inducing 
tuberculous infections experimentally by a route of exposure which here- 
tofore has received but slight attention from investigators in the field 
of research in tuberculosis. We have found the method applicable to 
practically all of the ordinary laboratory animals, including dogs (1) (2). 


SUMMARY AND CONCLUSIONS 


An experimental study was made in an attempt to evaluate the relia- 
bility of the method of intracerebral injection in determining positive 
tuberculous infection from clinical material which was negative to care- 
ful microscopic examinations. The material consisted of 211 specimens, 
representing 153 persons. For the purpose of comparison, use was made 
of the results obtained in the guinea pigs that had been given routine 
subcutaneous and intraperitoneal injection with portions of the same 
material. Nearly three times as many positive results were revealed 
by the routine method as by the intracerebral method. The difference 
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was probably not due to the intracerebral exposure being a less sensitive 
one. It could perhaps be accounted for by the difference in the amount 
of infective material possible to inject in the two groups of animals. Also, 
however, the result could have been due to the large number of animals 
given intracerebral injection which died before a demonstrable tuber- 
culous infection had had time to develop; this factor constitutes the most 
serious objection to the use of the intracerebral method for determining 
tuberculous infections of clinical origin. 

Although the method might be of value as an auxiliary procedure in 
selected cases it cannot be offered as the method of preference in the 
diagnosis of tuberculosis by inoculation of animals. It has, however, 
unquestionable merit as a means of inducing the disease in certain studies 
on experimental tuberculosis. 

Injection of one guinea pig subcutaneously and of another intraperi- 
toneally, with suspected tuberculous material, makes a satisfactory 
routine method in tests for this disease in which animals are used. 
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LOCALIZED PNEUMOTHORACES AS A CAUSE OF 
ANNULAR SHADOWS IN ROENTGENOGRAMS 
OF THE CHEST! 


W. P. WARNER 


The cause of annular shadows observed by us in X-ray films taken of 
the chests of patients suffering from nontuberculous and tuberculous pul- 
monary infections has often been obscure. We were, therefore, par- 
ticularly interested in the results of the postmortem examination of a 
patient in whom we had diagnosed the presence of these shadows. This 
is the only case that we can find in the literature in which annular shadows 
markedly resembling those cast by cavities have been diagnosed as due to 
localized pneumothoraces and this origin proved at necropsy. 

The term “annular shadows’ was used first by Fishberg (1) in 1917 
in describing shadows, which had a more or less circular arrangement, as 
seen in X-ray films of the chest. Fishberg used it in speaking of the dif- 
ferentiation between cavities and large pneumothoraces. Since then the 
term annular shadows has been applied to more or less circular densities 
seen in X-ray films. Their significance and cause have been variously 
interpreted as showing the presence of cavitations, localized pneumo- 
thoraces, thickened pleurae arranged in a circular manner, and blebs. 
Sampson, Heise and Brown (2) in 1919 published an analysis of 400 cases 
of pulmonary tuberculosis, in 12 per cent of which they found annular 
shadows. They interpreted these as being due to small caseating areas 
rupturing into a pleural space and giving rise to localized pneumothoraces, 
many of which contained fluid. No autopsy findings were recorded, but 
the point was stressed that all these lesions occurred on pleural surfaces, 
including interlobar as well as parietal pleurae. The X-ray appearance of 
these pneumothoraces was differentiated from cavities, in that the lung- 
markings were profuse in the centre, there was greater or equal absorption 
of the ray through the centre of the shadows as compared with sur- 
rounding lung, and they usually changed rapidly in size and shape. The 
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authors concluded that the presence of these lesions added to the gravity 
of the prognosis in the case. Evans (3) in 1919 accepted the work of 
Brown, e¢ al. In 1919 Dunham and Hayes (4) published the autopsy 
records of two cases in which annular shadows had been diagnosed roent- 
genographically, but these proved to be cavities at postmortem. 

Honeij (5), in 1920, gave a differential diagnosis between annular shad- 
ows asseeninaroentgenogram. These, he stated, may be due to cavities, 
annular shadows of pleural origin, or intrapulmonary annular shadows due 
to bronchi. Theauthor believed that pleural thickening which has become 
circular due to the movement of the lung can be differentiated from true 
cavities because they are usually larger, are on an even plane, the inner 
border of the circular shadow is smooth and sharp, the outer border fades 
off into surrounding tissue, and the shadow is not a perfect circle, for 
three-quarters of circle may be complete but the other quarter is irregular. 
Healsostressed theimportance of the general clinical picture of the patient, 
that is: Does one expect to find cavities with the amount and character of 
disease present? No autopsy findings were given to show the pleural 
origin of these shadows. Amberson (6), in 1921, reviewed the existing 
theories of the cause of annular shadows and advanced a new theory. 
He considered the shadows to be of pleural origin, their circular arrange- 
ment being due to a progressive localized pleurisy with healing in the 
centre and progression outwards. This “simple pleurisy” hypothesis 
was not confirmed by any autopsy findings. Later (7) the same author 
recorded two cases in which the tuberculous pleural effusion disappeared 
and thickened pleura and annular shadows were seen. These shadows 
disappeared when the thickened. pleura was absorbed. 

Burnham and Philip King Brown (8) believed that all so called annular 
shadows were caused by cavities. They discredited the localized-pneu- 
mothorax theory for interlobar shadows as they did not believe such a 
shadow would be circular but would be in one plane, that of the fissure. 
This was shown by lateral plates of the chest as well as by those taken in 
an anteroposterior position. Annular shadows do not diminish and en- 
large and disappear more rapidly than cavities, in their experience. 
They concluded that all annular shadows should be considered as due 
to cavities and the taking of lateral plates to be a distinct aid in diagnosis. 
In 1923, Brown (9) further declared that “all annular shadows should be 
considered as cavities until diligent investigation proves that they are to 
be better interpreted some other way.” 

Recently a new possible cause for annular shadows has been advanced, 
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namely, emphysematous bullae and blebs. William Snow Miller (10), 
(11), (12), working on the pathology of blebs and bullae made the sug- 
gestion, in 1926, that these belbs may be the cause of so called annular 
shadows. Arnell (13) described the first case in which annular shadows 
were proved at necropsy to be due to blebs. Lentine (14) reported 
a case in 1928, diagnosed clinically with the aid of a roentgenogram as a 
cavity, which at autopsy proved to be an unruptured bleb. 

It will be seen that there is a great deal of divergent opinion as to the 
aetiology of annular shadows. Norris and Landis (15), in their recent 
edition, make the statement: “‘As an evidence of pneumothorax these so 
called annular shadows have been abandoned.” Other workers also 
doubt that annular shadows can ever be caused by anything except cavi- 
ties. Those who believe that they can be offer various theories for their 
origin, autopsy evidence being obtained in only two cases. With a sub- 
ject so confused we believe that all direct, reliable, postmortem evidence 
should be published, so that in time there may be more definite knowledge 
on this subject. 

The following is a brief outline of the history, physical and X-ray 
findings of a case in which annular shadows were observed on the X-ray 
films and were believed to be due to localized pneumothoraces in the 
interlobar fissures. The postmortem findings of the case are given. 


Mrs. C., aged 43, was first admitted to the Toronto General Hospital on March 
16, 1929, suffering from bronchopneumonia. She gave a history of cough with- 
out sputum for the preceding two and one-half months. Two weeks before ad- 
mission she had pain in the left side of chest with fever, malaiseand sputum which 
was small in amount and not blood-tinged. She also had symptoms which 
pointed to a diffuse vascular disease involving kidney, heart and brain. These 
symptoms and the physical signs which pointed to disease of these organs will 
not be given in this report as they are irrelevant to the subject under discussion. 
The vascular disease was, however, sufficiently severe to cause her to remain in 
hospital for a considerable period and also to cause her death from an intracra- 
nial haemorrhage. 

Physical examination on admission showed a patient who was not very 
toxic; temperature 102°; pulse 110; W.B.C. 30,000. Diffuse bronchopneu- 
monia of the left upper and lower lobes, with pleurisy and some very small 
areas at the right base, were found. These were confirmed by X-ray examina- 
tion four days after admission. Three weeks after admission the chest ap- 
peared clear, but the patient remained in the hospital for further period of 
five weeks for the treatment of her vascular disease, at which time, May 23, she 
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left the hospital. At no time during this admission did she have physical 
signs of involvement of the upper part of the right lower lobe or the right middle 
or upper lobes, and X-ray examination showed no disease in this area. 

The patient was readmitted eleven days after discharge, June 3, 1929, suffer- 
ing from what was believed to be lobar pneumonia of the right upper lobe. 
The interim history stated that she had been in fairly good health until three 
days before admission, when she developed pain in the right side of her chest, 
became ill, and her cough with sputum returned. On examination the patient 
did not appear acutely ill, but had slight cough with sputum, temperature 101°, 
W.B.C. 10,000. Chest examination showed consolidation of the whole right 
upper lobe with a pleural rub heard in the axilla and posteriorly over the upper 
part of the lower lobe. She became quite ill several days after admission with 
evidence of acute nephritis and we did not consider her chest condition the 
cause of much of her disability. Her cough and sputum disappeared within a 
week of admission. Seven weeks after she had returned to hospital the physi- 
cal signs in her chest were similar to those present on admission except that no 
pleural rub was heard. Diminished resonance, with bronchial breath-sounds, 
bronchophony, and showers of medium and fine rales consonating in quality 
were found over the right upper lobe. A diagnosis of unresolved pneumonia 
was made and X-ray films obtained. These films showed the following findings, 
as reported by Dr. Gordon E. Richards, Director of the Department of Radi- 


ology: 


Stereoscopic films were made of the chest. The heart and arch of the aorta are normal. 
The right diaphragm is high but otherwise normal; the left diaphragm is normal. 

Hilum shadows are increased on both sides and are excessively heavy on the right. Extending 
out from the right hilum there is very marked increase in density of the bronchial trunks with 
extensive areas of infiltration which include the apex and extend down to the level of the fourth 
rib in front, and the eighth and ninth ribs posteriorly. Throughout the whole of this area 
light flocculent areas of infiltration are scattered. 

In addition the upper lobe is retracted; marked pleural thickening is present and a pneumo- 
thorax cavity of considerable size is present over the whole upper third of the lung. Two well- 
defined annular shadows are present; one of these is approximately one inch in transverse 
measurement and occurs at the level of the sixth and seventh ribs posteriorly while the second 
one is less definite, and extends over two interspaces, from the lower extremity of the annular 
shadow first mentioned. These appear to be developing from the interlobar pleura between 


the right middle and upper lobes. 


Figure 1 shows a reproduction of these films. The annular shadows 
are quite distinct and very readily mistaken for shadows cast by cavities. 


Eight weeks later the patient was feeling much better; however, the physical 
signs in her chest remained unchanged. On September 28 she had a sudden 
severe pain in the head, rapidly became comatose and died. 

The diagnosis, as far as the chest was concerned, was unresolved pneumonia 
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with interlobar pneumothoraces causing annular shadows very similar to those 
seen in cavitation. 


Fic. 1. X-Ray Fitm or CuEest SHOWING THE Two ANNULAR SHADOWS IN THE 5TH AND 6TH 
INTERSPACES ON THE RIGHT SIDE 


The autopsy report, as given by Dr. J. E. Bates of the Department of Path- 
ology, follows: 
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A-218-29. The autopsy was performed six hours after death, and revealed a variety of 
lesions in addition to the pulmonary condition about to be described. The anatomical 
findings indicated that this individual had suffered from the triad of chronic heart, kidney 
and arterial disease, the progress of which had been terminated by haemorrhage into the left 
lobe of the cerebellum. While this haemorrhage was quite large, measuring 3 cm. in diameter, 
it had not entered the fourth ventricle. 

For the purpose of this report the pulmonary lesions are of most significance. The other find- 
ings will not be recorded. The left pleural cavity was completely obliterated by firm fibrous 
adhesions. ‘There were also numerous firm fibrous adhesions throughout the right pleural 
cavity. These were most marked along the posterior border of the lung and over the apex of 
the lower lobe. The anterior portion of the right pleural sac was free from adhesions and 
contained about 200 cc. of clear straw coloured fluid. The lobes of the right lung were welded 
together by fibrous adhesions, but on separating the lobes two smooth-walled loculated cavities 
were found. One of these lay in the sulcus between the upper and middle lobes, and the other 
in the upper part of the sulcus between the middle and lower lobes. These spaces were com- 
pletely lined by smooth, glistening grayish-white pleura, and were each about the size of a 
hen’s egg. No shagginess of the pleura was found, nor could any communication between 
the lung substance and the sac-like areas he determined in the gross. Owing to the density of 
the adhesions throughout the right side of the thorax and a consequent laceration of the lung 
in removing it from the body, it could not be determined whether these sacs had contained air 
or other gas. The upper lobe was consolidated and was non-crepitant. The apex of this 
lobe presented a rounded area of increased firmness about the size of a small orange. The cut 
surface of this portion of the upper lobe was grayish-white in colour and glistening in character. 
The cut surface of the middle lobe presented two small areas of consolidation along its lower 
border, one of these was lobular in distribution, while the other contained a small head of pus 
surrounded by a definite fibrous wall. The upper third of the lower lobe presented a wedge- 
shaped area of consolidation. The walls of the larger bronchi throughout this lung were 
slightly thickened and the lumina of the smaller branches were definitely dilated. Some of the 
bronchi presented erosions of their mucosa and contained stringy droplets of mucopurulent 
material. These dilated bronchi could be traced to within one or two millimeters of the 
pleura, but no definite perforation of the pleura was observed. 

The pleura of the entire left lung was somewhat thickened and was covered by fibrous tags. 
Crepitations were present throughout both lobes, and their cut surfaces were moist and 
glassy in appearance. No areas of consolidation were present save for two small calcareous 
nodules the size of a split pea within the substance of the lung. The bronchi were thick- 
walled, their mucosa was congested and they contained small amounts of mucoid material. 
The microscopic findings in the lungs only will be recorded, with particular reference to a sec- 
tion taken through the pleura and underlying lung tissue adjacent to one of the loculated sacs. 
The lung tissue was clothed by a layer of pleura which was of usual thickness. The alveoli 
immediately beneath the pleura were collapsed in some areas, while in other areas they were 
filled with actively growing fibroblasts. The collapse and fibrosis of the alveoli had un- 
doubtedly led to the grayish-white appearance of the pleura lining the areas of localized 
pneumothorax. The lining cells of a number of the alveoli immediately beneath the pleura 
presented a considerable degree of aplasia. Several rather large dilated bronchi were present 
within a low power field of the pleural surface. The lumina of these bronchi contained con- 
siderable amounts of mucoid material and of polymorphonuclear leucocytes. These large 
bronchi approached much nearer to the pleura than is usually found but no communication 
could be determined between the bronchi and the pleural surface. Other sections of the lung 
taken at some distance from the pleura showed marked diffuse fibrosis thickening of the alveo- 
lar walls, resulting from a fibrosing pneumonia. Many of the alveoli contained large numbers 
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of endothelial cells, a number of which contained granules of carbon pigment. The analysis 
of the microscopic sections of lung revealed no evidence of tuberculosis other than the two small 
calcareous nodules observed within the left lung. 


The conclusion arrived at by those interested in this case was that 
these interlobar sacs discovered at autopsy would cast annular shadows 
similar in position, size and shape to those seen in the X-ray films. 
It is unfortunate that the dense pleural adhesions caused considerable 
difficulty in removing the lung from the thoracic cage. Unless the air in 
these interlobar sacs was under pressure it would be very difficult to 
demonstrate it. However the sacs appeared to have their walls sepa- 
rated and one is justified in concluding that they were kept apart by some 
substance not solid or fluid. 

As to their origin, two theories were advanced: one that they were col- 
lections of air which had been part of the true pneumothorax but had 
become walled off or localized in the interlobar fissure between layers of 
thickened pleura. The other theory was that small openings in some of 
the dilated bronchi may have allowed air to escape into the interlobar 
fissure and become encapsulated between thickened pleurae. The actual 
opening between the dilated bronchi, which came very close to the pleurae, 
and the pneumothoraces could not be demonstrated. 

Other cases of annular shadows which have not had their cause proved 
at autopsy have been explained by us in other ways. Shadows of more 
or less circular outline have occurred during the absorption of pleural 
thickening. These appear in stereoscopic films to be at a pleural surface, 
are circular in one plane only, and disappear when all the pleural thicken- 
ing is absorbed. 

With the statement: “Annular shadows should be considered as cavi- 
ties until diligent investigation proves that they are to be better inter- 
preted some other way,” we heartily agree. The clinical picture is often 
of great value in determining whether one is justified in suspecting cavity 
formation. The actual X-ray appearance of the shadow often offers no 
definite evidence for or against its representing a cavity or being due to 
other causes. However, all shadows which are located on a pleural sur- 
face, including the region of an interlobar fissure, and can be seen to be 
associated with pleural thickening should be interpreted cautiously. 

Fluoroscopic examination of the shadow in many planes with films, if 
necessary, is very helpful. If fluid is present in a shadow of doubtful 
origin, attempts should be made to have the patient empty it by postural 
drainage and further X-ray studies made. 
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CONCLUSIONS 


1. A case showing a fibrosing nontuberculous apical pneumonia is pre- 
sented. During life X-ray films of the chest showed the presence of two 
annular shadows having a marked resemblance to those due to cavity- 
formation. A clinical diagnosis of annular shadows due to localized 
pneumothoraces in the interlobar fissures was made and confirmed at 
autopsy. 

2. The various theories of the origin of so called annular shadows 
that have been advanced are briefly reviewed. The scarcity of post- 
mortem evidence to confirm these theories is emphasized. 

3. All circular or annular shadows occurring in X-ray films of the chest 
and closely resembling those shadows cast by cavities should beconsidered 
as due to cavities until proved otherwise. Circular shadows seen in prox- 
imity to any thickened pleura, including pleural reflections in the fissures, 
should be interpreted cautiously, as such shadows may not be due to 
cavitation. 


The writer wishes to thank Professor Duncan Graham for permission to publish this 
case. His thanks are also due to Dr. G. E. Richards of the Department of Radiology for the 
radiological report and the photograph, and to Dr. J. E. Bates of the Department of Pathology 


for the autopsy report. 
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THE COMPLEMENT-FIXATION TEST IN TUBERCULOSIS 
A Report of the Results Obtained in a Series of 1,002 Cases? 


AUGUSTUS B. WADSWORTH, ELIZABETH J. MALTANER anp 
BERNICE S. STEVENS 


Since the publication of our previous study of the antigenic action of 
various fractions of the tubercle bacillus (1) similar investigations in this 
field have been made by others, notably Johnson and Anderson and their 
collaborators (2), also Pinner (3), and Woolley (4). Their results in 
general confirm those which we obtained. These studies, however, have 
not progressed to the point of establishing a more practical method than 
that used by Besredka (5) or Calmette (6) at the Pasteur Institute, or the 
method of Petroff (7), or the one which we have used for some time (8). 
Neither has any new principle for the modification of the test, nor for the 
preparation of the antigen been developed. 

The sensitive tests, which constitute a titration of the specific activity 
of the tuberculous sera in comparison with nonspecific or other activities, 
are of diagnostic value. These are complicated, demand the most 
expert technique, and are not practical in many of the smaller labora- 
tories. Simplification of the test with tuberculous sera requires, first, 
the development of more precise methods of measuring and comparing 
reactions of complement fixation in order that the results may be more 
truly quantitative and that the differentiation between the specific and 
nonspecific reaction may be more definite; and, second, the further 
improvement of the antigens either by the isolation of a more specific 
fraction, or the sensitization of the preparations nowin use. Our present 
studies in this field are directed along these lines. 

Meanwhile, in the routine examination of specimens with the test, as 
described in our original publication, data have been accumulating, which 
it is the purpose of this paper to record. 

In the previous series the 574 cases were carefully selected and classi- 


1From the Division of Laboratories and Research, New York State Department of 


Health, Albany, New York. 
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fied into groups,—the nontuberculous and the tuberculous, the latter 
representing various types of the disease, in so far as the most approved 
methods of hospital diagnosis and practice permitted. The relatively 
large number of reactions obtained in pulmonary infections, 85 to 95 per 
cent, and the comparatively small number with sera of the nontuberculous 
group, clearly indicated the practical value of the test. A comparison 
of the results in the present series of 1,002 additional cases which were 
examined in the routine service of the laboratory is therefore of special 
interest. 

The 1,002 cases include 688 in which a diagnosis of tuberculosis was 
made, and a control group of 314 cases in which no signs of tuberculosis 
were observed clinically. 


Technique: The preparation of the antigens and the technique of the comple- 
ment-fixation test have been fully described in the original publication. The 
specific antigenic activity of preparations of either the bacterial residue of 
glycerol-broth cultures of tubercle bacilli or the culture filtrate is associated 
with the acetone-insoluble lipoid fraction. Moreover, the activity of the 
preparations, whether they are obtained by different methods of extraction 
and concentration or by the isolation and purification of the specific fraction, is 
quite similar, and is proportional to the concentration of the acetone-insoluble 
lipoids, although it varies somewhat, depending upon the character of the 
dispersion of these substances. The antigens selected for routine use, therefore, 
were the dialyzed aqueous extract of the human strain of tubercle bacillus, 
together with either a purified and concentrated culture-filtrate antigen or a 
purified and concentrated whole-culture antigen for purposes of control and 
comparison. Three quantities of serum,—0.05 cc., 0.02 cc. and 0.01 cc.,— 
were tested with a pooled guinea-pig complement in quantities of 1 unit, 13 
units and 2 units and a single ‘“‘optimum” amount of antigen as determined by 
preliminary standardization. The period of preliminary incubation was one 
and a half hours at 37°C. One hour at the same temperature was allowed for 
haemolysis to take place after the addition of sensitized blood cells. 


ACTIVE DISEASE 


The degree of activity of the 628 pulmonary infections varied greatly 
since this group included not only those which were “‘unimproved”’ but 
also cases described as “improved,” “‘quiescent,”’ ‘‘apparently arrested,” 
or “arrested.’’? However, 546, or 86.9 per cent, reacted with at least one 

3 The terms in quotation marks are those used in the classification by comparative con- 


ditions which is described in Nelson’s Looseleaf Living Medicine, 1920, i, 373, and is essen- 
tially that of the National Tuberculosis Association. 
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tubercle antigen. In 373 of the cases in this group, acid-fast bacilli were 
present in the sputum, and sera from 344, or 92.2 per cent, reacted. 

The 82 cases of active pulmonary disease, in which no reactions were 
obtained in the complement-fixation test, included 29 with acid-fast 
bacilli in the sputum. There were also 42 in which the organisms were 
not found or the sputum was not examined, but X-ray signs were re- 
corded; and 11 in which no evidence of tuberculosis was demonstrated by 
either X-ray or sputum examination, or such examinations were not 
made or not recorded, but a diagnosis of tuberculosis was made by the 
physician. Ofthese 53 cases, 17 were described as not active. This term 
is used in quite a different sense by different physicians, since not only 
cases apparently cured were so described but also cases which were 
arrested, improved, or only quiescent. : 

Incipient Cases: In all, 60 of the 628 active pulmonary cases were 
described as incipient. Fixation of complement was obtained with the 
sera from 38 of these. In 7, acid-fast bacilli were present in the sputum; 
also in 2 whose sera did not react. The 22 cases, specimens of whose sera 
failed to react, are interesting from the point of view of activity. In 14 
of the 22 the condition was described either as not active, stationary, 
quiescent, or improved, at the time of the test, or within from three 
months to one year afterward, when the prognosis in 10 of the 14cases was 
said to be fair or good. In no case was activity described as more than 
slight. The temperature was normal in 13 of the cases and in only 2 
were febrile reactions as high as 100° recorded. 

On the other hand, more activity was noted in the 38 incipient cases 
which reacted in the complement-fixation test: the degree of activity 
was not stated in 17; 5 showed moderate or marked activity; 15 slight; 
and only 1, no activity. While the temperaturein 21 of these cases was 
normal or not known, in the other 17 febrile reactions were recorded, and 
in 8 it ranged from 100° to 103°. 

Extrapulmonary Cases: Sera from 40 cases of active extrapulmonary 
tuberculosis were examined; 21, or 52.5 per cent, reacted. The series 
is a small one but the results are in accord with those of other observers 
(7) (9), who also report reactions in a lower percentage of cases of extra- 
pulmonary disease than in pulmonary infections. 


INACTIVE DISEASE: ‘‘APPARENTLY CURED’? TUBERCULOSIS 


Twenty cases in which all constitutional symptoms and expectoration 
with bacilli had been absent for a period of two years under ordinary 
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conditions of life constituted this group. Eighteen of them were pulmo- 
nary and 2 extrapulmonary tuberculosis. Sera from 6, or 30 per cent, of 
these inactive cases reacted, as compared with the 84.9 per cent from 
active tuberculous cases. Only low grades of reaction, slight or partial, 
were obtained. 


NONTUBERCULOUS GROUP 


This group of 314 cases is comprised of 58 apparently healthy individ- 
uals,—7 blood-donors and 51 laboratory workers; 175 persons suffering or 
convalescent from other diseases; and 81 in whom tuberculosis was 
considered to be absent and no other disease was noted. In some of 
these, 32, tuberculosis was originally suspected. The conditions that 
led the others to consult a physician were not determinable. 

With the sera from the 7 blood-donors no reactions were obtained. 
Among the 51 laboratory workers, however, a rather large number, 13, 
of slight or partial reactions occurred. In 7 of the 13 cases more than 
one specimen was examined, some after a considerable interval. In all 
but one the reactions were always similar. In this one slight fixation 
was obtained in the first test and no fixation in a test made two years 
later. 

The group of 175 persons convalescent from, or in active stages of, 
other diseases represents a variety of unrelated infections. 

It was interesting to note that of 48 cases of nontuberculous disease of 
the respiratory system, reactions occurred in only two. Only weak 
reactions were obtained with tubercle antigens and in one of the cases, 
although the diagnosis was bronchial asthma and no history of syphilis 
was given, a reaction was also obtained (4+) in the complement-fixation 
test for syphilis. The other case was described as a nontuberculous 
infection of the lung. 

Low-grade reactions were obtained with the sera from 5 of 30 persons 
who had had measles and from 4 of 24 who had had poliomyelitis. The 
serum from these cases was intended for therapeutic use, and, although 
we had no information concerning the clinical histories, the sera were 
undoubtedly collected only from persons in apparently good health. 

Besides the reactions obtained with the sera from the 11 cases just 
noted, weak reactions occurred with those from 5 cases of syphilis and one 
case each of endocarditis, cancer, typhoid fever, mycosis fungoides and 
sporotrichosis. 

In addition to the cases just described, no reactions occurred in the 
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sera from 63 patients with the following conditions: undiagnosed fever, 
9; syphilis, 4; diseases of the vascular system, 8; cancer, 5; gonorrhoea, 4; 
neurosis, 3; prostatitis, 3; 2 each of goitre, malnutrition, osteomyelitis, 
and undulant fever; and 1 each of actinomycosis, typhoid fever, B. coli 
infection, Bell’s palsy, chlorosis, corneal ulcer, diabetes mellitus, oedema 
of leg, faecal fistula, furunculosis, hydronephrosis, infected sebaceous 
cyst, infectious arthritis, iritis, jaundice, pernicious anaemia, staphylo- 
coccus infection of lymph nodes, ulcer of leg and mental disorder. 
Among the 81 cases in which tuberculosis was considered to be absent 
and no other disease was noted, weak reactions were obtained with the 


TABLE 1 
Reactions of sera from tuberculous and nontuberculous cases with tubercle antigens 


MARKED OR|PARTIAL OR PERCENT- 
CLASSIFICATION GREATER | SLIGHT AGE 
FIXATION | FIXATION REACTING 


Active tuberculous cases 668 223 101 84.9 
Pulmonary infection 209 82 86.9 
Tubercle bacilli in sputum 102 29 92.2 
Incipient disease 24 22 63.3 
Extrapulmonary infection 14 52.5 

Inactive tuberculous cases 6 30 

Pulmonary infection 6 

Extrapulmonary infection 0 


44 
13 45 
21 154 
11 70 


tubercle antigen with the sera from 10. In 2 of these, reactions were also 
obtained in the complement-fixation test for syphilis. The data concern- 
ing four other cases may be of interest to record. One was a woman, 25 
yearsold, with no definite signs but with Joss of weight and blood-streaked 
sputum. Physica] and X-ray reéxamination four months after the test 
demonstrated no evidence of tuberculosis and the case was considered 
nontuberculous. Partial fixation of complement (+) was obtained 
with both tubercle antigens. Another was a man, 28 years old, whose 
sputum and X-ray examinations did not indicate tuberculosis; he had a 
chronic cough which was attributed to a foreign body in a bronchus. 
The reaction was partial (+), but with one antigen only. The third case 
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Miscellaneous diseases. 175 0 
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was that of a child of 14 with no personal or family history of tuberculosis 
and in whom no signs of the disease were found on physical and X-ray 
examinations. The only symptom recorded was coughing during a 
period of two months. The reaction was slight (+) with one tubercle 
antigen. The fourth was a man of 61 years whose condition was not 
believed to be tuberculous. He was in poor health although the cause 
was not determined; the reaction with one of the tubercle antigens was 
partial (+). 

The reactions obtained in tuberculous and nontuberculous cases are 
summarized in table 1. 


THE DEGREE OF COMPLEMENT FIXATION WITH SERA FROM THE DIFFERENT 
TYPES OF CASES 


Although slight (+) or partial (+) reactions occurred in 14 per cent of 
specimens from apparently nontuberculous individuals, including 8 re- 
acting in the complement-fixation test for syphilis, reactions greater than 
these did not occur. Likewise only low-grade reactions, slight (+) or 
partial (+), were obtained with sera from 6 of the 18 inactive cases of 
pulmonary tuberculosis, and no reactions with the remaining twelve. In 


the active pulmonary disease, on the other hand, while specimens from 82, 
or 13 per cent, failed to react, and low grades of reaction (+ or +) were 
obtained with those from 209 cases, 33 per cent, the reaction was well 
marked with the ones from the remaining 337 cases, or 53.7 per cent. 
Moreover, in no other type of case was this degree of reaction obtained. 

It is evident that in certain stages of the active disease the serum 
possesses little or no activity. These observations are of considerable 
importance, illustrating the marked variation in the degree of the immune 
reaction that develops in the course of tuberculosis. For many years 
the existence of specific immunity in tuberculosis was questioned. Our 
knowledge of it has only recently been established, with the development 
of more precise technical procedures for detecting it. A large proportion 
of the 13 per cent of cases whose sera failed to fix complement with the 
tubercle antigens were in well-advanced stages of the disease and in 
many instances late in its course. The absence of immune reactions has 
not infrequently been noted late in an infectious disease and especially 
shortly before death. 

Among the 60 active cases of incipient tuberculosis the reactions in tests 
were perhaps more consistent, as they were, in general, proportional to 
the activity of the process as manifested by the febrile reaction. The 
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degree of fixation was well marked in 14 and slight or partial in 24, but it 
was absent in 22. In none of these incipient cases whose sera failed to 
react with the tubercle antigens was there any evidence of a very active 
process. Yet cases of rapidly progressive generalized miliary tubercu- 
losis have been studied in which the serum failed to fix complement. 

Sera from 19 of the 40 active cases of extrapulmonary tuberculosis also 
failed to react. 

Thus it would seem that the degree of reaction in the test is propor- 
tional to the activity of the process, or, to state it even more accurately, 
proportional to the reactivity of the tissues. But there are evidently 
cases in which the activity of the disease processes has exceeded the reac- 
tivity of the tissues, and there are obviously instances in which the 
lesions have been so localized as to fail to stimulate a reaction in the 
tissues sufficient to result in demonstrable changes in the blood serum, as 
illustrated by both the well-advanced cases of the disease and the in- 
stances of extrapulmonary tuberculosis in which the serum failed to 
react in the complement-fixation test. 

Although the activity of tuberculous sera in the test with tubercle 
antigens may not appear to be as marked or as sharply defined as that 
of the syphilitic sera in the test for syphilis, so much depends upon the 
data upon which the comparisons are made that it will be impossible to 
reach convincing conclusions until quantitative and comparable methods 
of measuring the different degrees of reaction have been established. 


THE TUBERCULOUS AND NONTUBERCULOUS SERA WHICH REACTED IN THE 
COMPLEMENT-FIXATION TEST FOR SYPHILIS 


Among the 1,002 cases there were 27 whose sera reacted with the anti- 
gens used in the complement-fixation test for syphilis although no history 
or signs of syphilis were observed. Twenty-six of these were tuberculous 
and one nontuberculous. Reactions with 14 of the 27 sera were ob- 
tained only with the cholesterolized antigen. 

It is interesting to compare the reactions obtained in these cases with 
those occurring in 19 other cases in which a history or signs of syphilis 
were observed. 

Nine of the nontuberculous series, as mentioned, had a history or clini- 
cal evidence of syphilis or had been treated for that disease, and the sera 
from all of these reacted definitely in the test for syphilis. In 5 of these 
slight or partial reactions were obtained with the tubercle antigens. 
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Among 10 cases of active tuberculosis with history or signs of syphilis, 
reactions were in general well marked in bothtests. There were 3 cases, 
however, with tubercle bacilli in the sputum, 2 of them with far-ad- 
vanced disease, whose sera failed to react with the tubercle antigens. 

In the cases in which presumably there was only one disease the 
reaction with the tubercle antigens, with the sera of syphilitic patients 
without history or signs of tuberculosis, was slight, whereas the reaction 
in the test for syphilis in these particular instances was well marked, 
and, vice versa, the reactions with antigens used in the complement- 
fixation test for syphilis with the sera from cases of tuberculosis without 
history or signs of syphilis were less marked and frequently occurred with 
the cholesterolized antigen only. 


TABLE 2 
Comparison of reactions in tuberculous and nontuberculous cases with the tubercle antigens and 
the antigens used in the complement-fixation test for syphilis 


COMPLEMENT FIXATION WITH 
ANTIGENS USED IN THE TEST FOR 
SYPHILIS 


Cholesterolized 


Bordet antigen antigen 


CLINICAL HISTORY 


+or None None 


Syphilis and tuberculosis 
Syphilis but no tuberculosis 
Tuberculosis but no syphilis 
Neither syphilis nor tuberculosis 


1 


| NUMBER EXAMINED 


0 
0 
4 
0 


The reactions occurring in all of these cases are summarized in table 2. 

The observation that specimens from tuberculous cases without signs or 
history of syphilis may react with the lipoidal antigens which are used in 
the complement-fixation test for syphilis has been recorded previously 
in the literature (4) (7) (10) (11). The nature of these reactions is not 
clear. The absence of a history or signs of syphilis does not exclude 
syphilis. Even at autopsy the presence or absence of the disease may be 
difficult or impossible to determine if the lesions of tuberculosis are 
widely disseminated. On the other hand, too great reliance is often 
placed upon the ‘‘Wassermann”’ report in the diagnosis and treatment of 
syphilis. ‘These complicating reactions occurred in only 3.9 per cent of 
the active tuberculous cases, and in 0.3 per cent of the nontuberculous 


COMPLEMENT 
TUBERCLE 
ANTIGENS ( 
2+, 
None 2+, 2+, 
4+ = 
4+ 4+ 
0; 5| 4] 9; 9; 0; 0 
( 


COMPLEMENT FIXATION IN TUBERCULOSIS 547 


cases. The nature of these infrequent and irregular reactions is at pres- 
ent indeterminable. 


SUMMARY 


The results obtained in the complement-fixation test in 668 active 
cases of tuberculosis, in 20 inactive, and 314 nontuberculous cases have 
been reviewed in this report: approximately half were in clinics or 
sanatoria; the remainder were patients of physicians in general practice. 

The results obtained in these routine examinations are of special 
interest when compared with the series previously published, which 
was comprised only of cases which were as accurately diagnosed as the 
modern methods of hospital practice permitted. In the former series 
fixation of complement was obtained with the tubercle antigens in 85 to 
95 per cent of the tuberculous cases; in the present series in 84.9 per cent. 
There were, however, a number of well-advanced cases with tubercle 
bacilli in the sputum and certain incipient cases with a low grade of 
activity in which no reactions were obtained. Fixation occurred in 
only a comparatively small proportion of the sera from cases diagnosed as 
inactive or apparently cured. 

Reactions in the group of nontuberculous cases of this series were ob- 
tained in 14 per cent, as compared with 13.6 per cent in the previous 
series. In both instances these percentages included the cases reacting 
in the complement-fixation test for syphilis. 

In this series all of the reactions in nontuberculous cases were of low 
grade (+ or +); marked fixation (2+ or stronger) was obtained only 
in tuberculous cases. In general the degree of activity in the serum was 
proportional to the activity of the process, or, to state it more accurately, 
proportional to the reactivity of the tissues in the process, suggesting 
that a detailed study of individual cases and accurate titration of the 
activity of the sera from time to time might provide data of broad 
diagnostic or prognostic significance. 
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A STUDY OF THE TEMPERATURE AND ASSOCIATED 
SERUM CHANGES IN THE TUBERCULOUS PATIENT! 


KNUTE REUTER anv W. F. PETERSEN 


The temperature of the tuberculous patient offers a number of inter- 
esting problems: the evidence of extreme lability, associated no doubt 
with the extreme lability of the autonomic apparatus; frequent periodic- 
ity of larger rhythmic fluctuations; the differences in tolerance to tu- 
berculin revealed by the temperature curve, to mention but a few. 

In previous communications from our laboratory some of the auto- 
nomic alterations of tuberculous patients have been discussed (1). In 
this paper, we merely wish to illustrate graphically some of the blood 
changes associated with the temperature fluctuations when patients are 
studied over 24-hour periods. 

The observations recorded include mouth temperatures, pulse-rate, 
peripheral leucocyte counts, serum-protein (refractometric determina- 
tion), sugar and erepsin concentration. Sugar estimation was made by 
the micro-Folin-Wu method, and erepsin determination by the relative 
color reading following digestion of glycyltryptophane. 

In the normal person and to a lesser degree in the normal dog, auto- 
nomic control of the body temperature is quite adequate to provide both 
for the effect of transiently increased metabolism as well as adjustment to 
external alterations of temperature. Autonomic adjustment, however, 
is by no means limited merely to the temperature of the body; inciden- 
tal are profound alterations in the activities of various organs and organ 
groups, a subject which has been discussed by Petersen and Miller (2) 
in previous communications. 

Under normal conditions there appears to be a balance between the 
peripheral organ groups (skin, muscle, brain, etc.) and the splanchnic 
group, as a result of which increased activity of the one group is com- 
pensated by diminished activity of the other. In the acute onset of an 
infection with chill, etc., it has been shown that when the periphery is 
functionally less active, the stomach and liver, for instance, reveal in- 


1 From the Department of Pathology, University of Illinois, College of Medicine. 
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creased activity. Part of this effect is probably due to an increase in 
circulating epinephrine. While this accentuates a constriction of the 
vessels in the peripheral region, it has no apparent effect in lessening the 
dilatation of the vascular bed in the splanchnic region. On the con- 
trary, the splanchnic region functions at a very high rate of activity. 

The autonomic fluctuations can be followed in the peripheral leuco- 
cyte count, the count diminishing with diminished skin activity (per- 
ipheral sympatheticotonic status), and in the sugar curve (with due 
consideration for ingestion of food), which is low with a splanchnic para- 
sympathetic status and high with a sympathetic status. This, however, 
is modified to the extent that practically every shock is followed by the 
mobilization of carbohydrate reserve from the liver. The serum-pro- 
tein concentration gives an index in the change of the status of the water 
reserves, while the erepsin titre apparently reflects mobilization of en- 
zymes from the liver. 

In chart 1 the 24-hour fluctuations in serum constituents in a colored 
patient with advanced pulmonary tuberculosis are presented. (Capil- 
lary blood samples were taken from the ear at hourly intervals, leucocyte 
counts at more frequent periods.) 

It will be noted from the chart that, following the decline of the 
temperature during the early morning hours, the level remained fairly 
normal during the day and that a sharp febrile rise has its onset at about 
8:30 in the evening. Apparently the maximum evaporation of fluid 
occurred shortly before (8 P.M.); at this time the leucocyte curve was 
falling, and with this a tremendous outpouring of sugar was taking 
place, an increase probably not due to the ingestion of food. 

In this patient the apparent sequence of events might be regarded as 
follows: 

In the period from 6 in the morning until 8 in the evening, increasing 
parasympathetic “status” prevails, apparent both in the skin (increased 
leucocytosis, associated with periods of sweating) and in the liver (with 
low sugar and no increase in sugar after breakfast and with only moder- 
ate increase after lunch) and finally apparent in the amount of evapora- 
tion of fluid from the body with concentration of the serum. 

In the evening a sudden reversal takes place. Evaporation is impeded, 
sugar is no longer retained by the liver nor rapidly burned by the per- 
ipheral tissues (due to the peripheral vasoconstriction), both factors re- 
sulting in a hyperglycaemia. 
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Chart 2: The history and physical findings of this far-advanced 
case of tuberculosis has been previously described as patient A (3). 
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The examination began at noon and was carried through for 24 hours. 
It will be noted that there was a sudden increase of temperature which 
persisted until just before midnight with minor waves during the course 
of the morning. 

The temperature increase is associated with corresponding waves in 
the leucocyte curve, maximum dile*ation of the peripheral vessels (leu- 
cocytosis) synchronizing with each actual decline or at least with a level- 
ing of the temperature curve. 

Thus it will be noted that after the abrupt onset a decline occurs at 
3 o’clock. At this time the peripheral dilatation has reached a maxi- 
mum, and for a time the dissipation of heat was apparently greater than 
the production. Then follows a sharp diminution in the leucocyte 
curve (from 3 to 7 P.M.) with increasing temperature. From 7 to 11 
peripheral dissipation (with leucocytes increasing) keeps the tempera- 
ture from increasing very greatly. From 11 to 1 in the morning, the 
temperature falls, leucocytes remaining high. Then follow several 
waves with leucocytic maximum always being followed by a decline in 
temperature. 

Each maximum period of heat dissipation is of course followed by an 
increased concentration of the serum (from 4 to 7, from 11 to 2:30, and 
from 5 to 10 A.M.). 

The sugar level remains markedly constant, reaching a low level at 
7 in the morning. We believe that the rather steep increase from 7 
until 9 in the morning is due not wholly to the ingestion of food but to 
the fact that the sympathetic status at this time favors the release of 
sugar from the liver, rather than its retention. Erepsin, it will be noted, 
remains high during the afternoon, declines toward midnight, and again 
rises to a maximum at 4 in the morning. It might appear that the 
serum erepsin concentration becomes greatest following the maximum 
parasympathetic status. 


Chart 3: Advanced pulmonary tuberculosis (sister “B”): In this 
patient, the increase of body temperature began in the morning and, as 
in the preceding patient, leucocytic maxima were associated with de- 
clines of temperature or at least a levelling of the preceding increase. 
As in case 1, maximum protein concentration of the serum occurred 
with the.onset of the increasing temperature, that is, evaporation had 
reached its maximum. In general, with the sympathetic status there is 
a relative dilution of the serum. In this case the increase of serum- 
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protein concentration with the maximum temperature decline occurs 


very slowly, as compared to case 2. 
The erepsin concentration reaches its maximum with the maximum 


temperature, with a second minor increase early the following morning. 
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It is interesting to note, too, that without breakfast a sharp increase 
in the blood sugar occurs, associated with increase in the pulse-rate and 
rising temperature. 

Both case 2 as well as 3 are characterized by relative autonomic 
instability as evidenced by the leucocytic fluctuations. 


Chari 4: A far-advanced fibrocaseous pleural and pulmonary tubercu- 
losis, in a colored man: two observation periods have been charted, the 
first extending over 27 hours, the other over a 12-hour period, the latter 
with all food withheld. 

During the first period of observation, the temperature reaction was 
more marked than for the second period, being 1.5°F. higher at corre- 
sponding periods of the day. The curves, too, for the first period, are 
characterized by greater fluctuations. When examining the alterations 
one is impressed by the extreme variations in the sugar curve which have 
occurred without reference to foodintake. In the first part the maximum 
sugar rise occurred between 4 and 5 in the afternoon during a time when 
there is a diminution of protein concentration and a lowering of peripheral 
leucocyte count, and preceding an increase in temperature. Possibly 
we are dealing here with a sudden reaction following the liberation of 
epinephrine. 

Just as in the preceding chart, the minimal protein concentration occurs 
with maximum temperature, although the curve is exceedingly irregular, 
as is the temperature curve itself. Throughout, the serum maintained 
a rather high ereptic activity. 

On reéxamination with lesser temperature reaction and with all food 
withheld, all the variations areless marked. It is apparent that the erep- 
sin increase follows the low level of the morning hours. 


Chart 5: In this chart the reactions on a moderately advanced tubercu- 
losis are presented, one in which the temperature fluctuations are within 
a much narrower range and occurring earlier in the afternoon rather than 
at night. 

In this patient activity associated with ingestion of food seems to play 
a much greater réle. Each meal is followed by a leucopenia, by an in- 
crease in the blood sugar and possibly by an increase in the erepsin, 
although the fluctuations here do not seem to be so great, indeed the erep- 
tic activity was low throughout. 
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Chari6: In this chart we present another 24-hour observation made on 
a far-advanced patient with pulmonary tuberculosis, but in an individuai 
differing considerably from the others because of the relative constancy 
of the temperature curve. It will be noted that the rise in temperature 
begins very slowly before noon, and reaches a maximum at approximately 
6p.M. The temperature curve itself shows very few fluctuations. Our 
impression is that the absorption from the tuberculous areas probably be- 
gins in the morning (probably between 6 and 8 o’clock). Up to this time 
the periphery has been apparently sympatheticotonically oriented (the 
leucocytes arelow), the splanchnic and internal orientation being probably 
parasympathetic (no sharp increase in the blood sugar after breakfast). 
Increased absorption seems to be followed by a period of general sympa- 
theticotonic orientation from 8 until noon with protein and leucocytes 
diminishing, and sugar increasing. The onset of the fever commences at 
this period. In this patient we were able to make calcium and potassium 
determinations on the blood-serum, and with the onset of fever there ap- 
pears to be a distinct diminution in the potassium of the blood with conse- 
quent lowering of the K/Ca ratio. 


Chart 7: For purposes of comparison we present the curve of the serum 
changes in a patient with inoculation malaria. The patient had paresis 
but there was no demonstrable tuberculosis nor were there cardio-vascu- 
lar-renal alterations of importance. 

In this patient the actual chill occurred at 2:30 in the afternoon; the 
actual destruction of the parasites probably commenced somewhat earlier 
with resulting stimulation of the organism. In the prodromal period 
the peripheral leucocytes increased somewhat, the blood-serum became 
less concentrated, the blood-pressure and urinary volume increased and 
there seems to have been a considerable dissipation of heat from the skin 
because of the relatively higher axillary temperature during this time. 
The increase in peripheral leucocytes would also indicate peripheral vas- 
cular dilatation. The actual appearance of the chill is followed by a 
hypoglycaemia and by a relative diuresis, and is associated with a main- 
tenance of the previous blood-pressure. The change in the K/Ca ratio 
is immediately apparent by a drop from 1.95 to 1.66. 

The increase in blood concentration must be due to the withdrawal of 
fluid from the tissues by the vascular bed; it is hardly to be explained by a 
general parasympathetic status because at this time the skin function is 
lessened (leucopenia). During this time, too, both the peripheral and 
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splanchnic vascular bed has been relatively constricted because the blood- 
pressure remains high, falling just before the chill ceases. 
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CHart 7. SERUM ALTERATIONS IN PATIENT WitH CHILL AND FEVER DUE TO INOCULATION 
MALARIA 


The sugar reserves of the liver were apparently low (the patient had had 
several malarial chills previously), because under normal conditions in 
animals a reaction of the type that we have here in the malarial chill is 
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almost invariably followed by sugar mobilization, as it has also been ap- 
parent in some of the tuberculosis patients. In this patient sugar de- 
crease takes place with the chill, due no doubt to a more rapid metabolism 
than supplied by the liver reserve. 

The K/Ca ratio continues low but apparently increases after 4/30. 

The typical relation of the peripheral leucocyte count to temperature 
is here again illustrated. Waves of increasing amplitude make their 
appearance, each maximum, in addition, corresponding to an increase in 
blood-pressure and indicating that, despite the peripheral increase in the 
capacity of the vascular bed, the splanchnic region must have more than 
compensated by the relative contraction. 

Curiously enough, defervescence is not accompanied by protein con- 
centration. Presumably the relative acidosis of the tissues was suffi- 
cient to bind large amounts of water and withdraw it from the 
circulatory bed. 

In connection with this and the preceding charts the curves presented 
by DuBois and his associates (5) should be kept in mind, as well as the 
fact that in the normal person definite changes in the level of the basal 
metabolic rate take place during the course of the day. 
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RED-CELL SEDIMENTATION AND THE SCHILLING 
DIFFERENTIAL LEUCOCYTE COUNT! 


Their Clinical Application in Differential Diagnosis and Prognosis 
A. LEE BRISKMAN? 


The purpose of this paper is to report the clinical application of the 
Schilling haemogram and the red blood cell sedimentation as a guide to 
differential diagnosis, prognosis and therapy. 

All our clinical studies were obtained at the Union Printers Home and 
deal only with printers or those associated with the printing trades in some 
form or other, as machine-operators, proof-readers, mailers, etc. In- 
asmuch as printers are very susceptible to tuberculosis, the majority of 
our class-studies comprise this group but sufficient other cases are in- 
cluded to obtain definite conclusions. 

The great problem in medicine seems not so much in making a diagnosis 
as in giving a prognosis and deciding when and when not to adopt various 
therapeutic measures. After a thorough examination a tuberculous 
individual can be given his diagnosis by the physician, but he may spend 
the greater part of his life wanting to know how much he is improving 
and how soon it will be before he will be entirely cured. 

The question of activity in tuberculosis is as difficult as the treatment. 
The following are only a few of the attempted solutions to the problem: 
(1) Vernes flocculation test, (2) Diazo reaction, (3) Urochromogen test, 
(4) Daranyi reaction, (5) Fornet’s agglutination, and (6) Matéfy reaction. 

We use the blood-sedimeniation test as a routine in our institution. 
Its value is in denoting activity and prognosis. The biological process 
of the phenomenon of sedimentation is very complex and not yet entirely 
understood, but the procedure is extremely simple and invariably accu- 
rate. From the multiplicity of techniques we have adopted the Cutler 
l-cc. graphic method. The test is completed in one hour of five- 
minute readings. The sedimentation index and sedimentation time are 


1 Read before the El Paso County Sanatorium Society, Colorado Springs, Colorado, 
January 15, 1930. 
? Union Printers Home, Colorado Springs, Colorado. 
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both determined. The horizontal and diagonal lines correspond to 
normal or a quiescent state, while the diagonal and vertical curves denote 
slight to marked activity, respectively (5). 

The greatest value of sedimentation tests lies in monthly rechecks. 
Our studies are based upon 300 tests exclusive of rechecks. During our 
study 22 patients died. All had vertical sedimentation curves, with 
the exception of two cardio-vascular-renal and one uraemic case. These 
had normal sedimentations. This may be accounted for by the extreme 
dyspnoea and cyanosis. We have never had a tuberculous patient to 
die with a normal blood-sedimentation reaction. 

I shall now enumerate the value of the sedimentation in differential 
diagnosis: 


. Malignant from benign tumors 
. Infectious from degenerative arthritis 
. Infectious from functional heart disease 
. Tuberculosis of kidneys and intestines from catarrh and nephrolithiasis 
. Nervous diseases: 
a. Paresis (increased) 
b. Multiple sclerosis (increased) 
c. Amyotrophic lateral sclerosis (increased with duration) 
d. Parkinson’s disease (increased) 
e. Parkinson’s syndrome (decreased) 
6. Liver and gall-bladder diseases: 
a. Hepatic lesions with atrophy (greatly decreased) 
b. Hepatic lesions and catarrhal icterus (greatly decreased) 
c. Syphilitic icterus (increased) 
d. Cirrhosis and tumors (increased with exception of cardiac cirrhosis) 
e. Cholecystopathies (increased) 
f. Parenchymal injury from stone or tumor (increased) 
7. Tuberculosis: 
a. Increased in all cases with activity; only slightly in quiescent cases after treatment 
b. Increased after tuberculin 
c. Increased in pneumothorax cases, especially if collapse is good: this results from the 
concentration of red blood cells in the circulating blood incident to the diminution in 
pulmonary surface 
. Always increased in tuberculosis complicated with lues 
. Always increased when complicated by diabetes mellitus 
. Decreased in tuberculosis associated with myxoedema (10) 
. Some workers differentiate the following: 
1. Fibrous tuberculosis 
2. Fibrocaseous (nodular and productive) 
3. Exudative (bronchopneumonia, cavitation, seromembranous) 


bo 


mo 


3 “Of three myxoedematous subjects two had normal and one had an extraordinarily accel- 
erated velocity.” Bonilla and Moya (18). 
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. Tuberculosis with negative sputum findings: We have a number of cases that have never 
had a positive sputum. Guinea pigs and cultures (Corper’s media) were always negative. 
However, these cases are definitely tuberculous. None of these cases had a normal 
sedimentation before treatment. In other words, the sedimentation reaction is positive 
in every untreated tuberculous case whether sputum is positive or not. 

. Endocrinopathies: “From our investigations we deduce consequently that the thyroid, 
hypophysis and the genital glands have no important influence on the sedimentation 
velocity and, with the exception of Addison’s disease, the sedimentation velocity is 
without diagnostic value in the endocrinopathies” (18). Variations in the sugar level 
of the blood had no influence on the sedimentation velocity. 


SCHILLING DIFFERENTIAL BLOOD COUNT 


The Schilling haemogram is an arrangement of his cells in a straight 
line across the page as follows: Basophiles, eosinophiles, myelocytes, 
juveniles, Stabs, segments and monocytes. As you see on the charts 
the only two cells to be confused are the juveniles and Stabs. The rest 
of the blood picture can easily be recognized. According to Schilling the 
juvenile forms are the evidences of regenerative and the stabkernige, or 
Stabs, of degenerative blood changes. 

The Stab is the type of cell that is the first to be increased in infection. 
If there is only a slight increase we usually do not find a leucocytosis. 
The picture is a degenerative one. If the juvenile forms appear, we 
usually have a leucocytosis and a regenerative picture. So the picture 
in infectious diseases gives us a shifting to the left of neutrophilic leuco- 
cytes with either degenerative or regenerative changes. In tuberculosis 
we have a degenerative picture which changes to a regenerative one with 
a greater shifting to the left as the infection increases in severity (8). 

To summarize: The case reports which you have just seen demonstrate 
clearly that the first change that takes place during infection is the 
disappearance of eosinophiles. There is a toxic action of the bone-mar- 
row resulting in degenerative changes, increase in Stabs, and a shifting to 
the left. As the infection becomes worse, the shift continues into the 
juveniles. Ifit increases to the limit, it is hyperplasia and the prognosis 
is very grave. On the other hand, when recovery is about to take place, 
the eosinophiles reappear. The lymphocytes and monocytes increase 
and the total amount of neutrophiles decreases. The disproportion 
between the three “‘key cells” returns to normal. 

The monocyte-lymphocyte ratio is very important. The more 
“active” and toxic the patient, the higher the number of monocytes. 
Therefore the lower the monocyte index. There is a rise in the lympho- 
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cyte index and a fallin the monocyte index. The following classification 


is taken from Durel (6): 


MONOCYTE 
INDEX 


LYMPHOCYTE 


TUBERCULOSIS CASES INDEX NEUTROPHILE INDEX 


andi 2.6to7.5 | 0.7to 3.6 above 94 
Inactive hilum and pulmonary tubercu- 
NOSIS 0.7 to1.8 | 3.6to17 94 to 75 


Following a reaction to the subcutaneous injection of Old Tuberculin in 
reactive doses, there is always a marked rise in the lymphocyte index 
and a fall in monocyte index. The neutrophile index also rises above 96. 
The total count is slightly increased, according to the severity of the 
reaction. 

To summarize: In the active stage we have an increase in monocytes 
and a decrease in lymphocytes (increased monocyte-lymphocyte ratio) 
with modified monocytes and epithelioid cells. During the healing stage 
(quiescent) the monocytes decrease as the lymphocytes increase (mono- 
cyte-lymphocyte ratio returned to normal). 

Webb, Gilbert and Newman (16) have carefully studied the lympho- 
cyte index in tuberculosis at a high altitude (6,000 feet). They also 
point out that the neutrophile count is lower than for cases studied at 
sea-level. 


DISCUSSION 


The acute infection or exacerbation, the progressive and more active 
process is reflected in the haemogram, while the latent chronic infections 
sometimes are better expressed in the sedimentation reaction. The 
leucocytic reaction parallels the toxic irritation; the sedimentation reac- 
tion goes hand in hand with resorption. 

The two methods supplement each other in excellent manner; they per- 
mit a rapid survey of the patient’s condition during office examinations 
and when reéxamining cases without clinical treatment. They give an 
early and decisive indication of latent processes in need of treatment and 
give objective clues with regard to unjustified (pensionaires) or exagger- 
ated complaints (neurasthenics, phthisiophobes) when auscultation and 
percussion or roentgen examinations naturally fail (14). 

The two methods may be used to indicate the desirability of an increase 
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or decrease in dosage of tuberculin. They are also a good guide in 
surgical treatment, heliotherapy, exercise, etc. 

An acute “flare up” will cause a shifting in the haemogram while the 
sedimentation remains unchanged. These cases usually subside within 
a short time even though the blood picture appears alarming at first. 

A shifting of the blood haemogram to the left therefore occurs often 
with a normal sedimentation reaction, while an abnormal sedimentation 
has never been found accompanying a normal haemogram. 

Before closing my paper I wish to take the liberty of quoting from 
Krause’s Remarks on the Laboratory Diagnosis of Pulmonary Tuber- 
culosis (9): 


Ordinarily, the diagnosis of tuberculosis is not difficult for the man, who, 
grounded in general medicine, is proficient and patient in taking testimony, 
adept and conscientious with the stethoscope, alert to X-ray appearances and 
not too opinionated about them, and careful and unremitting in the employ- 
ment of the microscope and the skin-test. All the information in the world 
will little avail the shirker or the botcher of any agency of diagnosis. 


CONCLUSIONS 


1. The Schilling haemogram and blood sedimentation cannot diagnose 
or localize the infection when used without aids to diagnosis. 

2. A diagnosis having been made, however, these methods then offer the 
most reliable guides in determining the progress of the disease. 

3. The Schilling differential after subcutaneous tuberculin presents 
changes before the fever reaction and with smaller doses of tuberculin 
than those that induce fever, while the sedimentation graph tells a story 
that cannot be affected by the patient’s “personal equation’ when 
reporting how he reacted to tuberculin. 

4, Ashifting of the leucocytes to the left is a constant finding in active 
tuberculosis. 

5. The monocytes play an important réle in early activity of tubercu- 
losis and in late healing stages. 

6. The lymphocytes increase with healing and decrease as the disease 
progresses; they are an index to the amount of resistance. 

7. An increase in both monocytes and lymphocytes, with little or 
no change in neutrophiles, indicates healing. 

8. An increase in monocytes, with a drop inlymphocytes and increased 
shifting to the left, indicates active progression. 
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9. The monocyte-lymphocyte ratio is a useful mathematical expression 
of the extent of invasion compared to that of resistance. 

10. We have never as yet found a diagnosed case of tuberculosis that 
had a normal sedimentation rate although other laboratory findings were 
persistently negative. 

11. Cases that have a shifting to the left may have normal sedimenta- 
tion reactions, but when the latter is increased the haemogram is also 
always abnormal. 

12. The Schilling count shows pathological changes earlier than does 
the sedimentation reaction, and also returns to normal earlier than the 
sedimentation reaction. 
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AMMONIUM MALATE AS A SOURCE OF NITROGEN 
FOR TUBERCLE BACILLI IN CULTURES! 


R. R. HENLEY anv P. W. LEDUC 


In an endeavor to find an inexpensive substitute for asparagine, which 
has generally been used as the chief source of nitrogen in synthetic culture 
media for B. tuberculosis, a study was made of a variety of ammonium 
compounds. 

A synthetic medium previously described (1) was used as a basis for 
comparison. The composition is as follows: 


Asparagine 

Dextrose 

Dipotassium phosphate (anhydrous) 
Sodium citrate 

Magnesium sulphate 

Ferric citrate 

Glycerine 


Water to make 


This medium furnishes regularly a growth of nearly 2 gm. of bacteria, 
dry weight, per 100 cc. of medium. 

A single ammonium salt was substituted for the asparagine in the above 
formula. As substitutes for asparagine, urea and the ammonium salts 
of carbonic, malic, maleic, aspartic, citric, fumaric, lactic, tartaric and 
succinic acids were used. The culture media containing urea, as well as 
those containing ammonium salts of carbonic acid and maleic acid, 
afforded only very slight growth of bacteria. The media containing the 
ammonium salts of aspartic, citric, fumaric, lactic, tartaric and succinic 


1From the Biochemic Division, Bureau of Animal Industry, U. S. Department of Agri- 
culture, Washington, D. C. 
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acids afforded fair amounts of growth, but in no case was the growth more 
than approximately half as great as that obtained from the regular aspara- 
gine medium. The ammonium salt of malic acid alone showed an 
efficiency approaching that of asparagine. 

The culture medium containing the ammonium malate is prepared as 
follows: 


To produce 1000 cc. of culture medium 10 gm. of malic acid are dissolved in 
about 500 cc. of water and neutralized to litmus with ammonium hydroxide. 
The other constituents are then dissolved in the order given in the above 
formula and the solution diluted to 1000 cc. The medium is sterilized in the 
autoclave under a pressure of 10 to 12 [bs. for 20 minutes. The reaction of the 
completed medium is approximately pH 7, and therefore requires no 
adjustment. 


Growth was as rapid upon the malate medium as upon the medium con- 
taining asparagine, the maximum being reached in about six weeks. The 
amount of growth upon the malate medium ranged from 1.50 to 1.90 gm. 
of bacteria, dry weight, per 100 cc. culture fluid, which is approximately 
twice as much as that obtained from any other of the above-named 
ammonium salts. Human-type tubercle bacilli were used in all of the 
experiments. It was interesting to note that the cultures grown on the 
malate medium became acid (pH 5.2) by the end of the sixth or seventh 
week, whereas the cultures on the asparagine medium remained alkaline. 
Other experiments have shown that the final reaction of cultures grown 
on media in which asparagine is the sole source of nitrogen is dependent 
upon the relative amounts of asparagine and glycerine in the medium. 
When the amount of asparagine is relatively large, the reaction remains 
alkaline. Reduction in the proportion of asparagine favors a change to 
an acid reaction. 

Malic acid may be obtained in a high degree of purity at a cost of about 
55 cents a pound, whereas asparagine costs approximately $20 a pound. 
The rate of growth of tubercle bacilli on the ammonium-malate medium 
is approximately the same as on the medium containing asparagine. 
Taken all in all, it may be said that the amount of growth afforded by the 
synthetic medium containing ammonium malate approximates the best 
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growth obtained upon the asparagine medium. Thus far no other 
ammonium salt has been found which approaches the efficiency of am- 
monium malate as a source of nitrogen for tubercle bacilli. 


REFERENCE 
(1) Hentey, R. R.: Amer. Rev. Tuberc., 1929, xix, 660. 
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PULMONARY ASBESTOSIS 
A Report of a Case and a Review! 


WILLARD B. SOPER 


This case is presented because apparently it is definitely one of pulmo- 
nary asbestosis, a condition that would appear to be much more wide- 
spread than at present suspected and regarding which but little has as yet 
appeared in American medical literature. Only very recently has inter- 
est been aroused, stimulated particularly by a number of articles and 
studies in the medical press of England. Just as certain other dusts 
took their toll over a long period before the medical profession awoke to 
the true facts, so asbestos dust to a lesser degree appears to be taking its 
toll without sufficient recognition of the fact on the part of physicians. 


Case Report 


Mr. K. a man of 30 years, was admitted to the William Wirt Winchester 
Hospital on May 26, 1929, on account of symptoms suggesting pulmonary 
tuberculosis. 
The family history was completely negative for tuberculosis. The patient 
had been well and strong as a boy; he had the usual childhood diseases and 
rather frequent head colds. At the age of ten years he suffered for a short 
time from an ailment diagnosed malaria, and recovered completely. He had 
an attack of burning micturition associated with haematuria about five years 
before admission. For the latter trouble he was cystoscoped without a diagno- 
sis being made. The urinary symptoms then ceased entirely, never to recur. 
He began work in an asbestos factory at the age of 17 and continued in the 
industry with more or less constant exposure to the dust from then on. 
The onset of the present illness was in the fall of 1928 with dyspnoea. Some ’ 
malaise was also noted. He continued at work until February, 1929, having 
lost seven pounds in the interim. In February, following exposure to smoke 
in a factory fire, the sputum became blood-streaked and continued so off and 
on up to admission, although there was never any frank haemoptysis. On 
account of these symptoms the patient gave up his work in February and 
continued under his physician’s care, with the dyspnoea rather increasing, 


1 From the William Wirt Winchester Hospital, West Haven, Connecticut. 
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a little morning sputum blood-streaked at times, malaise and a burning pain 
in the chest. 

On admission to the hospital the symptoms were a little whitish morning 
sputum, about one dram in amount and blood-streaked occasionally; burning 
pain over the whole chest, quite severe at times; rather marked dyspnoea on 
exertion; nervousness; irritability and constipation of three months’ standing. 
His best weight was stated to have been 150 pounds, usual weight 142 to 145; 
the admission weight was 142 pounds. The sputum had been examined for 
tubercle bacilli on several occasions between February and May and was always 
negative. 

Physical Examination: The patient was fairly well nourished, a little pale 
and the skin cyanotic on pressure. He did not look particularly ill. The 
hands were clammy. The left pupil was slightly larger than the right but 
reactions were normal. Several teeth were missing and those that remained 
showed a moderate amount of pyorrhoea with congestion of the gums. The 
tonsils were a little large and a very few small cervical lymph nodes were 
just palpable along the margin of the left trapezius. The thorax was well 
formed and symmetrical and expanded equally on both sides. The measured 
expansion at the nipple line was 5 cm. The heart was in normal position and 
no abnormalities were noted except a slight arrhythmia. Percussion showed 
a little dulness above both clavicles and a practically normal note otherwise 
over the anterior chest. Posteriorly there was a little dulness over both tops 
down to the 6th dorsal spine and more marked on the right. The note at the 
bases was hyperresonant. Breathing was bronchovesicular over the upper 
third on both sides. There were a few dry crackling superficial rales at both 
bases about the whole circumference of the chest. There were also occasional 
rales of the same sort scattered over the whole of both lungs, but definitely 
more marked in number between the outer clavicle and the 3rd rib on the right. 
The abdomen was normal. There were no lymph-node enlargements except 
as noted above. The genitalia were normal. Reflexes were normal. 

The fingers showed no clubbing. The hands, however, were interesting 
in that there was on the right hand between the thumb and the first finger a 
fibrous mass the size of the end of one’s little finger, an outgrowth of the skin. 
This was fairly soft in consistence, about that of a fibroma; it was non-tender 
and was said to have resulted from a sliver of asbestos penetrating the skin. 
Also two of the fingers showed what were called asbestos corns, namely, 
small hard areas each about a millimetre in diameter and said also to have been 
of long standing and the result of asbestos slivers. 

Laboratory: The blood count showed 4,000,000 red cells with 75 per cent 
haemoglobin, white cells 6,250, with a differential of polymorphonuclears 68 
per cent, lymphocytes 22 per cent, large mononuclears 8 per cent, eosinophiles 
2 per cent. The urine was normal and the Wassermann negative. Ten 
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specimens of sputum examined for tubercle bacilli, six by the antiformin 
method, were negative. A second blood count at the time of discharge showed 
no essential change from that on admission. 

X-ray: The striking feature of the films was a rather diffuse fine type of 
shadowing that was rather more marked over the lower two-thirds of both 


Fic. 1. X-Ray or Luncs, Putmonary AsBeEstTosis, May 26, 1929 


lungs. The trachea was drawn a little to the right opposite the clavicle; 
the mediastinal shadow was broad; both it and the heart shadow were in nor- 
mal position. The right diaphragm appeared somewhat higher than the left, 
but the exact location was obscured by a hazy shadow blending into the lung 
field above, continuous at the lateral margin with a shadow which filled the 


574 WILLARD B. SOPER 


costophrenic sinus.. The same condition existed over the left diaphragm but 
to a lesser degree. Above both clavicles was a shadow, rather ground glass in 
character, suggesting apical pleurisy. Extending out from the hilum on both 
sides in all directions were very fine striations which were particularly marked 
toward the bases and along the left margin of the heart where, to quote Burton 
Wood (1), they presented a cobweb appearance. These markings were 
essentially the same in both lungs. The right lung in addition showed a 
definite linear thickening of the fissure between the upper and middle lobes in 
the outer half of the lung. The inner end of this fissure pointed toward a group 
of two quite definite dense shadows as of calcified tracheobronchial nodes. 

The patient was discharged on July 2, 1929. During his stay in the hospital 
the dyspnoea became less marked. No cough ever developed. The sputum 
remained slight in amount, thin in character and was raised without effort in the 
morning. It was occasionally blood-streaked. There were no genitourinary 
symptoms. The chief complaint was the burning sensation in the chest 
experienced before admission. The temperature was normal with an occa- 
sional 99°, the pulse 80 to 90, and respirations were usually normal, with an 
occasional 20 to 22. 

Following discharge the patient rested at home with no regular work but up 
and about the house more or less. He presented himself for examination 
again on April 9, 1930, about nine months after his discharge. He stated then 
that the dyspnoea had become definitely more marked, and that the little 
morning expectoration had persisted unchanged with a little morning cough 
added. He suspected that his condition was due to a sinus trouble for which 
he stated he was being treated at the time. The sputum had been blood- 
streaked on several occasions, but still there had been no frank haemoptysis. 
The burning pain had ceased about December and had been superseded by a 
dull, drawing pain above the left breast. A certain amount of malaise and 
definite weakness on exertion continued. Weight had increased from the 142 
on discharge to 162 pounds. The credit for this gain the patient gave to the 
codliver oil and tomato juice which he took consistently during the whole 
period. He was under treatment for his pyorrhoea. 

The striking feature of the reéxamination was the dyspnoea. Respirations 
were 25 and even ordinary speech produced shortness of breath. The com- 
plexion was slightly leaden and there was a very noticeable cyanosis of the 
ears, hands and skin on pressure. There were no other changes from the 
original examination except in the thorax; this was symmetrical and gave the 
effect of being rather flattened over the upper half in front. On fullinspira- 
tion, expansion in the anteroposterior diameter appeared to be nil, there being 
no visible motion of the sternum. The epigastrium moved forward strikingly 
with inspiration. There was some lag in the lateral expansion of the right base. 
At the nipple line the chest measured 94.5 cm. on extreme expiration and 96 
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cm. on extreme inspiration, an increase of only 1.5 cm. The lungs showed an 
unusual degree of difference between the notes on light and heavy percussion. 
With the latter no dulness was noted, but on light percussion there was a very 
definite wooden note over the whole of both lungs, especially pronounced on the 
right to the 5th dorsal spine behind and from the 6th rib to the base, both in the 
axilla and anteriorly. Liver flatness began at the 6th rib and did not change 
in either phase of respiration. On auscultation the breathing was a little 
diminished overall but not strikingly so, with a frank bronchovesicular quality 
over the right upper lobe to the 5th dorsal spine and to the 4th rib. A few 
nonlatent rales were heard over the whole of both lungs, but they were quite 
indefinite. With cough, however, a striking type of rale was heard from the 
top to the bottom on both sides but most markedly in the right axilla and 
below the 6th rib in front; it was superficial, fine, dry and crackling in charac- 
ter. The quality of rale was essentially the same overall. Blood-pressure 
was 130 over 90, practically the same as during the hospital stay. The general 
impression was that the rales were considerably more definite and more wide- 
spread than nine months before. The increasing dyspnoea and cyanosis 
seemed in accord with the increase in the rales. The vital capacity was 1350 
cc., 29 per cent. Unfortunately this had not been determined at the time of 
the original admission. The new X-ray films were a little less exposed than 
those previously taken and brought out the markings still better. Discounting 
this fact, it was impossible to determine a definite X-ray change. 


ASBESTOS 


Before entering upon a discussion, something should be said of asbestos. 
This word is from the same in Greek, meaning unquenchable. 

Asbestos was known to the ancients for its fire-resisting qualities. 
Greek and Roman writers refer to its use for lamp wicks. Allusion is 
made to it by Marco Polo, and Charlemagne is said to have possessed a 
remarkable table-cloth of this material which was purified by being 
thrown into a fire. Only relatively recently, however, has it come into 
extensive use in industry. 

Asbestos is a silicate of numerous varieties. It is always found 
associated with other minerals, especially with chrome, iron and magnet- 
ite. Cooke (2) givés the composition of the Canadian and Italian 
fibres as follows: 


Canadian 
Chrysolite 


| 
Htalian 
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From the standpoint of pathology, however, the mineralogical com- 
position of asbestos is very important. The following analysis is gener- 
ally accepted: 

Canadian Rhodesian 
98.85 
0.70 


0.10 


From the foregoing chemical and mineralogical analyses it becomes 
evident that asbestos is made up mainly of a magnesium silicate con- 
taining but traces of free silica (quartz). 

Formerly asbestos was obtained almost exclusively from Italy and 
Corsica and the Italian workings still yield large quantities. South 
Africa also supplies large amounts. But the Canadian asbestos, since 
the recognition of its commercial value in 1877, has become the most 
widely used industrially. It is found in a small belt of serpentine in 
the Province of Quebec, chiefly near Black Lake and Thetford. Else- 
where it is widely distributed, but in quantities too small to be worked to 
advantage commercially. 

Cooke states that the fibre microscopically is seen to consist of two 
different elements: the translucent glistening material of which the bulk 
of the fibre is composed, and black opaque angular particles. Minute 
black granules are also present, actually part of the fibre. The dust 
generated during manufacture is seen to consist of these sharp angular 
particles and minute granules. Analyses of several samples of dust 
showed that the dust containing the greater quantity of the black parti- 
cles contained the largest amount of iron. These particles were found 
in very small number in the finished article. Whereas the dust showed 
18.4 per cent of iron as ferrous oxide, the finished article showed only 
0.1 per cent. Cooke concludes that the blackened brittle parts of the 
fibre are the iron-containing portions, the bugbear of the manufacturer, 
the cause of dust, and a danger to the health of the workers. 

The rock is blasted in open quarries, crushed and pulverized. In this 
form it is often shipped. At the manufactory it is mixed with other 
fibres, especially cotton. Then there are the processes of carding, roving 
and spinning which may be carried out just as with cotton, wool or silk. 
All of the processes produce asbestos dust, some more than others. Our 
own patient was engaged in the manufacture of brake-linings. He stated 
that the bands were composed of 30 per cent of asbestos fibre and 70 per 
cent of cotton fibres woven together. 


PULMONARY ASBESTOSIS 


DISCUSSION 


Prior to the appearance of the above-described case, pulmonary asbes- 
tosis was practically unknown to most of usin New Haven. However, 
on account of the history of prolonged exposure to asbestos dust and the 
several respects in which the patient’s symptoms, signs and X-ray films 
differed from those of tuberculosis, the condition was immediately 
suspected as possibly due to the inhalation of asbestos dust. During 
that very month of May, 1929, there appeared in the current number of 
Tubercle an article on Pulmonary Asbestosis, with special reference to the 
radiographic appearance, by W. Burton Wood (1). The description of 
the composite X-ray findings in 15 cases of pulmonary asbestosis des- 
cribed by Wood was so nearly identical with the X-ray picture of our 
case and the symptomatology so similar that we immediately concluded 
that we were dealing with such a case, with possibly a minimal tubercu- 
losis superimposed. To this study by Wood, later studies by the same 
author, and the limited literature on the subject I am indebted for most 
of the material of this presentation. Wood in the above cited article in 
Tubercle gives a clinical abstract of 16 cases with reproductions of the 
films. A description of the composite skiagram of all of these cases is 
repeated verbatim. 


Most noticeable feature of skiagram in the workers exposed longest to asbes- 
tos dust is the presence of shadows suggesting a diffuse fibrosis affecting chiefly 
the lower two thirds of the lungs. The fine quality of the shadows is worthy 
of note. Some of the cases exhibit a ground glass appearance, though on close 
inspection a fine mottling is evident. Bronchial striations toward the lung 
bases are prominent and seem to spread out to form a fine network giving an 
appearance like that of cobweb. As the striations radiate outward from the 
lung roots, they cut the edge of the cardiac shadow, especially on the left side, 
giving a shaggy appearance as if the heart were encased in coarse felt. When 
more definite mottling is present it lacks the coarse quality described in the 
skiagrams of chests showing pneumoconiosis, for example in South African 
coal miners. Another feature is evidence of basal pleurisy, and the frequency 
with which the costophrenic angle on one or both sides is obliterated will be 
noted. Many of the cases also exhibit a thickening of the apical pleural cap. 
Annular shadows suggesting a possibility of cavitation were seen in three cases; 
in only one of these were tubercle bacilli found in the sputum. The region of 
the lungs most apt to show marked changes in pulmonary tuberculosis of the 
fibroid type is usually spared. 


Wood (1) is also quoted in large part as to symptoms, physical signs, 
differential diagnosis, prognosis and duration of exposure to dust. 
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SYMPTOMS 


The cardinal symptom of pulmonary asbestosis, like that of other forms 
of silicosis, is dyspnoea. ‘The dyspnoea is progressive and in advanced 
stages of the disease may become extreme. Chest expansion may be 
reduced to one inch or even less. Dyspnoea may be accompanied by 
cyanosis and the complexion of most patients has a slightly leaden hue. 
Wasting is a notable feature and may proceed to emaciation. Cough is 
a variable symptom, but is seldom excessive and may be slight. Expec- 
toration is usually moderate and may be altogether absent over a long 
period. Particles of asbestos are apt to penetrate the superficial layers 
of the skin of the arms and legs of workers. Irritation by these causes 
keratinization, and ‘asbestos corns” are produced around the central 


core of fibre. 


PHYSICAL SIGNS 


If pulmonary tuberculosis supervenes, the signs and symptoms of this 
condition would obviously modify the clinical picture. In the absence 
of such a complication the physical signs are those of a bilateral pulmo- 


nary fibrosis affecting the pulmonic bases. The adventitious sounds 
have a dry crackling quality, and in the axillary regions are often super- 
ficial. The latter probably have a pleural origin. A friction rub may 
be heard over the same area. As the disease affects both lungs, cardiac 
displacement if present is usually slight. Early clubbing of the fingers 
may occur but is seldom well marked. When seen it is usually repre- 
sented by slight swelling of the skin surrounding the proximal ends of 


the nails. 


DIFFERENTIAL DIAGNOSIS 


Features which serve to distinguish asbestosis and pulmonary tuber- 
culosis, though a combination of the two conditions may be often sus- 
pected and sometimes proved, are the leaden or dusky complexion, 
extreme dyspnoea, wasting or emaciation out of all proportion to physi- 
cal signs, and the dry quality of the adventitious sounds. These with 
an absence of tubercle bacilli from the sputum, and a history of prolonged 
exposure to asbestos dust indicate the probable diagnosis. 


PROGNOSIS 


When the disease is established the prognosis appears to be grave. 


ff 
q 


PULMONARY ASBESTOSIS 


DURATION OF EXPOSURE TO ASBESTOS DUST 


In Wood’s series of cases the shortest period of working was one year 
and the longest period fourteen years. One patient was exposed to dust 
for a period of eight years before the onset of cough. Another case 
remained in fair health for five years after commencing work, although 
frequent colds and a tendency to winter cough were apparent. It is 
significant that a patient may complain of symptoms of pulmonary dis- 
tress only some time after ceasing work. Wood states that a reference 
to the radiograms will show that in general the density and extent of the 
lung shadows are proportional to the duration of exposure to the dust. 


PATHOLOGY 


In 1924 Cooke (3) published in England a brief autopsy report which 
he then thought was of the first case. The patient had worked in asbes- 
tos twenty years. Adhesions were extensive. The lungs were firm and 
small and cut with abnormal resistance. The extensive fibrotic process 
appeared distinct from the scattered tuberculous foci. Cooke speaks of 
particles of mineral matter in the fibrous tissue and in the caseous tuber- 
culous areas. The bronchi were dilated, the lining epithelium gone and 
extensive peribronchial fibrosis was present. 

This report by Cooke brought to him word of the first autopsy on a 
case of asbestosis by Murray in 1900, the essential features of which 
were the pulmonary fibrosis and “spicules of asbestos.” In 1927 Cooke 
(2) wrote a second more comprehensive article describing the histology 
of the lungs of the case originally reported in 1924. He described for the 
first time and showed microphotographs of deposits of large angular 
pigmented particles which he judged to be the heavy brittle iron-con- 
taining fragments of asbestos fibre. He explained the greater involve- 
ment of the right lung on the theory that the fragments would more 
easily travel down the more vertical right bronchus. 

McDonald (4) about the same time published a study upon what he 
termed “the foreign bodies,” the material being from Cooke’s case and 
one other. 

In 1928 Simson (5) wrote an article entitled Pulmonary Asbestosis in 
Africa. In it he described the findings in sections of lungs of four 
asbestos workers. Two suffered death from tuberculosis and two from 
pneumonia. The first two cases showed considerable fibrosis and the 
latter two only a moderate amount. All, however, showed ‘curious 
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golden-yellow bodies,”’ which the author states he never found in autop- 
sies of miners dying from silicosis and tuberculosis in the Rand. Con- 
siderable space is given to a discussion of the ‘‘yellow bodies.” Simson 
thinks there is considerable evidence in favor of asbestosis conducing 
to tuberculosis as a complication. He cites Collis who found that five 
deaths from phthisis occurred in five years among a staff of less than 40 
workers employed at a factory where asbestos was woven. 

The next autopsy reported was in July 1929 by Page and Wood (6). 
This case was studied before death and was especially interesting in that 
there was no complicating tuberculosis. A woman had worked nine 
years as a weaver of asbestos and gave up the occupation on account of 
ill health about four years before death. Dyspnoea, loss of weight and 
strength continued increasingly until her demise. A description of this 
autopsy is worth repeating in part: 

Body was emaciated. The pleurae were uniformly thickened to a 
slight extent. In the upper third of the chest the layers were bound 
together by moderately firm adhesions; on both sides some recent plastic 
pleurisy was present. The lungs showed a diffuse fibrosis and were 
contracted, the left lung more than the right. On section, the trabeculae 
stood out rather prominently, forming a fibrous network, especially in 
the right upper lobe; and denser fibrous strands appeared as irregularly 
shaped nodules particularly in the right lower lobe. The bronchi were 
only slightly dilated. The lungs were congested and in patches were 
bronchopneumonic. Microscopically the fibrosis became more readily 
apparent; in less-affected areas it was most prominent around the blood- 
vessels and less so in the alveolar walls, while in some sections little was 
seen but scar-tissue with blood-vessels and numerous elastic fibres. 
Some lymphocytic nodules were present in the fibrous tissue and giant 
cells of the type associated with foreign bodies; no typical tuberculous 
giant cells were found and no tubercle bacilli. In addition to a large 
quantity of amorphous dark brown pigment numerous golden-yellow 
bodies resembling those described by McDonald and Simson were seen. 
These bodies were present in sections taken from various parts of the 
lungs. The majority of them were imbedded in fibrous tissue; where the 
fibrosis was less advanced many were seen to be in clumps in the alveoli, 
usually radiating from the centre with their clubbed ends outward; 
numerous isolated specimens were seen in the fibrous tissue and else- 
where. Varying in size and shape the majority showed a large clubbed 
head, a segmented body and a tapering tail. Many circular bodies with 
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a diameter of about one and a half red blood corpuscle were also present. 
These were evidently of the same structure. The bodies were of a golden- 
yellow color both in unstained sections and in those stained with aniline 
dyes, but they gave the prussian-blue reaction with potassium ferro- 
cyanide and dilute hydrochloric acid. 

The hilum lymph nodes were pigmented, but were only slightly en- 
larged, and no golden-yellow bodies were found in sections prepared from 
them. One at the bifurcation of the trachea was caseous and slightly 
calcified; no tubercle bacilli and no giant cells were found in the sections 
prepared from it. No evidence of tuberculosis was found in other organs 
and no golden-yellow bodies were seen in those examined microscopically 
(the liver, spleen and kidneys). 

As suggested by Stewart (7) the fluid expressed from the lung was 
examined and found to contain golden-yellow bodies. With the aid of 
dark-ground illumination, Gloyne (8) observed that the fluid contained 
also free asbestos fibres and, in examining it, he noted that the yellow 
bodies when dissolved in sulphuric acid while under observation contained 
a core of asbestos fibres. 

The autopsy of a final case was reported by Wood and Page (8) in 
January, 1930. In the summary of their case they state that the three 
features of special interest are (1) rapid evolution of the tuberculous 
process in a patient who had been exposed to asbestos dust; (2) the 
presence in the lungs of a large number of asbestosis bodies within two 
years of the first exposure to the dust; and (3) the presence in the lungs 
of asbestos fibres and the various stages of the formation of typical 
asbestosis bodies. 

The essential features then of the pathological changes appear to be 
the pleurisy, the marked diffuse fibrosis and contraction of the lungs, and 
the presence of asbestos fibres and asbestosis bodies. 

Regarding the presence of the asbestos fibre in the lesions of asbestos 
workers, Gloyne (8) in 1929 published an illuminating paper. Summariz- 
ing the description of raw asbestos, he stated that it may be ground into 
a fine powder, calcined in a crucible and mounted on a slide as a wet 
preparation with concentrated sulphuric acid without showing any signs 
of destruction. Examined by the dark-ground illumination method with 
a's in. objective, a film thus prepared shows bundles of fibres and indi- 
vidual fibres of varying lengths. The fibres are highly refractile; they 
are straight and rigid like steel wire and have often a very fine saw-like 


ij 


582 WILLARD B. SOPER 


edge, while the ends are broken at different angles and occasionally split. 
The finest of them have a bluish tinge. 

With these appearances in mind Gloyne demonstrated that asbestos 
fibres can be readily removed from the so called asbestos corns with a 
fine needle and, when examined by dark-ground illumination, show the 
characteristic appearances of the asbestos fibres. He then demon- 
strated asbestos in the mouth and nose of two operatives by a method 
consisting of digestion of the material with antiformin, centrifugation of 
the digested material, calcining of the deposit in a crucible to destroy all 
cellular debris, and finally the making of a wet preparation of the cal- 
cined deposit in concentrated sulphuric acid and examination by dark- 
ground illumination. By the same method he found asbestos fibres in 
the sputum of three of six cases examined. Furthermore, typical asbes- 
tos fibres were found in the lung and were present in the expressed juice 
of the lung of a case available. Finally he made wet preparations of the 
golden-yellow bodies in expressed lung juice for examination by dark- 
ground illumination. Concentrated sulphuric acid was very gently run 
under the cover-slip. The yellow bodies began to dissolve and in the 
middle of their structure were a number of typical asbestos fibres. At 
the end of half an hour practically all the material of which the bodies 
were composed had disappeared, leaving only a faint ghostlike outline 
of the bodies with highly refractile asbestos fibres within them. The 
asbestos fibres lay at different angles. Gloyne concluded that, in any 
event, whatever other material enters into the composition of the bodies 
the basic factor is the asbestos fibre, and he suggested the term ‘‘asbesto- 
sis bodies” as being the most descriptive. 

Stewart (7) in 1928 stated that in one autopsy of his own of a case of 
pulmonary asbestosis and in three by a colleague asbestosis bodies were 
readily demonstrated in large number by simple microscopic examination 
of lung juice expressed upon a slide and covered with a cover-glass. 

Stewart and Haddow (10) in 1929 wrote a preliminary report on their 
efforts to obtain for diagnostic purposes asbestosis bodies by lung punc- 
ture and from sputum. From two cases clinically of pulmonary asbes- 
tosis they withdrew from the base of the lung through a needle a minute 
amount of blood-stained material. Unmistakable golden-yellow asbes- 
tosis bodies were found in considerable number in the material from one. 
In the second case negative results were obtained. Sputum is usually 
lacking or is in but small amount except during attacks of bronchitis. 
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From each of two cases, however, about a half-ounce of mucopurulent 
sputum was obtained. This was dissolved in an equal quantity of un- 
diluted antiformin, centrifugated, and the deposit washed and examined 
microscopically. After prolonged search through numerous fields two 
typical asbestosis bodies were found in one of the specimens examined. 
The other was negative. 

In an article published in January 1930, Gloyne (11) gave the results 
of animal experiments to show whether the asbestos fibre is definitely 
toxic or whether it acts merely as an inert foreign body or a mild sterile 
irritant. His conclusions were as follows: (1) asbestos fibres when 
injected into animal tissues acted as a benign irritant, producing granu- 
lation tissue; (2) this granulation tissue contained many asbestosis giant 
cells, presumably an attempt to destroy the asbestos fibres by phagocyto- 
sis; (3) connective tissue was formed in due course, but the giant cells 
persisted; (4) the asbestosis giant cell was readily distinguished from the 
true tuberculosis giant cell; (5) asbestosis bodies were not found; (6) 
asbestos injected repeatedly intravenously appeared to have no toxic 
effects on distant tissues. 


CONCLUSIONS 


1. A case is reported which seems to be typical of pulmonary asbestosis. 

2. When there has been exposure to asbestos dust the presence of 
pulmonary asbestosis should always be suspected. 

3. Themost common single symptom is dyspnoea. This and the other 
symptoms are essentially those of a progressive generalized lung fibrosis. 

4. The physical signs of uncomplicated pulmonary asbestosis are 
substantially those of generalized fibrosis of both lungs and basal pleurisy. 

5. X-ray examination is of great value in establishing the diagnosis. 

6. Asbestos contains but a very small amount of free silica but probably 
conduces to a more hasty evolution of any accompanying tuberculosis, 
as in the better understood forms of silicosis. 

7. An immediate diagnosis at autopsy is said to be made possible by 
simply squeezing out upon a slide a drop of lung juice from the fibrosed 
tissue and covering with a cover-glass. The asbestosis bodies in large 
number are readily visible under the microscope. 
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TUBERCULOSIS OF THE LIVER 
EVERETT MORRIS! 


Although miliary tuberculosis of the liver is found in from 50 to 80 
per cent of all cases dying from pulmonary tuberculosis, massive abscess- 
formation due to this disease is rare. Pathologists have classified hepatic 
tuberculosis into miliary and local tuberculosis. The latter is further 
divided into tuberculosis involving the bile-ducts and massive tubercu- 
lomata and abscesses. 


AN UNUSUAL MANIFESTATION 


Bristowe (1) made the first attempt to describe local tuberculosis of 
the liver in 1858. Wethered (2) reported a primary case of tuberculosis 
of the liver, with fresh miliary tubercles in both lungs. A case of second- 
ary nodular tuberculosis of the liver, with walled-off cavities containing 
chyliform fluid was seen by Thayer (3). Maximowitsch (4) discovered 


a primary case of multiple tuberculous liver abscesses, complicated by 
hard nodules resembling carcinomata. A case of primary multiple tu- 
berculoma of the liver, with a degenerated hydatid cyst, is reported by 
deCrespigny and Cleland (5). In the United States Navy Medical Bulle- 
tin, Robinson (6) writes of a case of large “solitary” tuberculous abscess 
of the liver. MacKinzie (7) reported a case with multiple abscesses. A 
case of diffused nodular hepatitis with the nodular development having 
its centre in the portal system is recorded by Macaigne and Finet (8). 
Frank (9) also reported a case similar to the last one mentioned. Flet- 
cher (10) saw an interesting case with tuberculous cavities of the liver in 
a boy six years of age. The findings at necropsy revealed also a general- 
ized tuberculosis. 

Foucar (11) says tuberculosis of the liver occurs only in those races 
not having an hereditary or acquired immunity against tuberculosis. 
For example, cold abscesses of the liver are found among the Igorrotes 
of the Philippines. 

After summarizing 30 articles and abstracts on this subject, it was dis- 
covered that only three cases had been reported by American authors. 


1 Wish-i-ah Sanatorium, Auberry, California. 
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In order to supplement this data and to get a more comprehensive 
American viewpoint, a questionnaire was sent to several tuberculosis 
sanatoria and hospitals, and to a few of our leading pathologists. The 
institutions included in the list were municipal, county, private and 
semiprivate, located on the eastern seaboard, in the Mississippi Valley 
and Rocky Mountain states and on the Pacific slope. The replies 
received represent a total number of 11,455 beds. From these only one 
case was reported. No references were made as to periods of time 
covered or to turn-over; 41.7 per cent of all deaths came to autopsy in 
six institutions reporting on percentage of autopsies held. Adams (12) 
made a careful study of the files of all cases of pulmonary and extra- 
pulmonary tuberculosis in the United States Veterans Bureau, and could 
find no additional cases to add to this one which was discovered in a 
Bureau hospital. The ratio of such cases in the Veterans Bureau is 
one to 6,923 cases. 


CHANNELS OF INFECTION 


The avenues by which tubercle bacilli may reach the liver are the he- 
patic artery, through which they may be carried from a focus in the lungs, 


the portal vein, a roundabout course through the lymphatics, and pos- 
sibly the bile-duct and the umbilical vein. 

The development of miliary tubercles, of microscopic form, in the liver 
is a part of a generalized tuberculous seeding and is usually found rather 
constant in cases dying per se from chronic pulmonary involvement. 
Torrey (13) after minutely analyzing a number of clinical histories and 
autopsy records found the presence of miliary tubercles grossly demon- 
strable in advanced cases giving evidence of a generalized miliary tubercu- 
losis involving the meninges, spleen and perhaps the bladder. Particu- 
larly, he found cases of omental and peritoneal involvement, in which it 
seemed that a spread to the liver had taken place by way of the lymphat- 
ics of the capsule. In another class of cases where death was due to 
intercurrent causes, such as acute cardiac dilation, pneumonia, etc., 
no miliary tubercles were found in the liver. 

Hepatic miliary tubercles develop in the majority of chronic pulmo- 
nary cases as the result of either of two separate processes: one, by which 
the microérganisms float from a colony in the pulmonary tissue to the 
liver through the hepatic artery; the other, by the tubercle bacilli being 
brought from secondary tuberculous organs below the diaphragm and 
carried to the liver by the venous blood of the portal vein, or occasionally 
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by the lymph-channels of the peritoneum or from tuberculous nodes in 
the portal fissure. 

Some authors express a doubt if tuberculosis is developed in the hepatic 
tissue by the lymphatics of the capsule, in the presence of secondary tu- 
berculous peritonitis or by the lymphatics of the portal fissure when the 
lymph-nodes are infected. The current of the lymph-flow in the liver is 
toward the hilum. In order to reach the liver substance, therefore, 
infection brought to the liver by the lymphatics would be forced to travel 
against the natural current. The anatomical position of the liver and 
its relation to the direct line of the lymphatic vessels conveying tubercu- 
lous lymph from the intestines does not preclude the rare possibility of 
the extremely few cases of hepatic abscess-formation originating in such 
amanner. Their infrequency lends weight to such an assumption. 

This leads us to inquire: Do the organs below the diaphragm, when 
there are secondary tuberculous ulcers present, inhibit the bacilli from 
developing widespread tuberculization in the liver; or do these bacilli, 
when they reach the liver, if generalization is not too acute, form hepatic 
tubercles which eventually become ulcerative lesions; or, do hepatic 
cavities develop as the result of only rare seeding through the lymphatics? 
What determines the issue as to the distribution and the end-results 
of the implantation of the tubercle in the liver? On the other hand, 
have the hepatic cells any special resistance to gradual bacillary invasion 
carried from organs in the abdominal cavity, resulting in a walling-off 
process as against the absence of such a process due to infection carried 
by the arterial stream? 

Rolleston (1) and Zahden (19) think that, in adults, acute miliary tu- 
berculosis of the liver results from dissemination through the hepatic 
artery and that chronic tuberculosis is caused by infection carried by the 
portal vein. 

Sabourin (15) in 1883 is said to have made the first study of the forma- 
tion of hepatic cavities. He found that the infection was carried to 
the liver by the blood current, that tubercles were found in the portal 
spaces “and might burst into the bile-ducts.” Sargent (17) later con- 
firmed Sabourin’s finding by animal experimentation. 

Rolleston (1) points out that the bile-duct is not affected throughout 
its course as is a tuberculous ureter but is locally infected at the site of the 
invasion and the tuberculous process is primarily pericholangistic. Ul- 
lom (16) thinks that instead of the bile-ducts being occluded it is likely 
that during the process of caseation of the tubercle there is an erosion 
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into the bile-duct and a communication is established by extension. 
Sargent (17) and others have shown that tubercle bacilli are unaltered 
by the bile and retain their virulence. According to Sasano and Medlar 
(18) tubercle in the bile means tuberculosis in the liver. It has not been 
demonstrated satisfactorily that tuberculous infection involving the 
small intestines has reached the liver by way of the common bile-duct. 
Some pathologists think that small multiple tuberculous abscesses be- 
gin with the infection involving the bile-ducts. 

In certain exceptional early juvenile cases a diffused bacillary infil- 
tration may be carried to the liver from the placenta by way of the 
lymphatics or the umbilical blood-supply and thus produce a true pri- 
mary focus. 

MORBID ANATOMY 


With the exception of the case reported by Maximowitsch (4) every 
liver in this group of 11 cases revealed macroscopic excavations, varying 
from the size of a small pea to that of an English walnut. In one case 
most of the hepatic tissue had been destroyed. In 6 cases the cavities 
had well-developed fibrous capsules. Five of the series showed older 
tuberculous lesions in the intestinal tract; one in the lungs; one in the 
lungs and spleen; one in the lungs and intestines; one generalized, juve- 
nile tuberculosis involving the meninges, lungs, pleura and ulcerations 
in both the small and large intestines, but with liver abscesses invested 
in dense fibrous tissue; one in the peritoneum and mesenteric glands; 
and one in the portal system. 

It is interesting to note that, of the two outstanding cases of primary 
tuberculous abscesses of the liver, one was a multiple tuberculoma 
with hydatid cysts, which presumably became the tuberculous foci later. 
De Crespigny and Cleland (5) in reporting their case say, ““These caseated 
areas cannot be easily shelled out of the surrounding liver substance, as 
is usually the case in degenerated hydatid cysts.” The other, reported 
by Robinson (6), was a large solitary tuberculous abscess which he de- 
scribed as being “shelled out of the liver substance.” In none of the 
other reports is the term “shelled out” used as these two independent 
authors use it. No other case in this series can be classified as a primary 
infection of the liver. 

DIAGNOSIS 


Only one case of tuberculosis of the liver, in this series, was diagnosed 
clinically either as a primary focus or as a complication. Robinson \6) 
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made a diagnosis after an exploratory laparotomy. Goldberg’s (14) 
case primarily suffered from pulmonary tuberculosis, and during hos- 
pitalization developed a symptom complex which was diagnosed splenic 
anaemia. All authors agree that local tuberculosis of the liver is not di- 
agnosed clinically as the condition gives rise to no clinical phenomena. 


Case History 


S. B., Col. U.S. A., age 58; admitted March 13, 1926; occupation professional 
soldier, enlisted as a private. Family history good. Personal history: usual 
diseases of childhood. Alcoholic. 

Physical Examination: White, male adult; looked ill; well developed but 
poorly nourished; present weight 128 pounds, normal weight 162 pounds; 
height 695 inches. Liver tender on pressure and slightly enlarged; complains 
of indigestion; bones, joints and muscles negative. Examination of lungs re- 
vealed a far-advanced process involving the upper lobes of both lungs with 
cavitation in right upper lobe. The heart was negative. 

Radiological Examinations: The Chest: Infiltration and fibrosis right upper 
lobe, middle lobe and the upper part of right lower lobe with possible casea- 
tion and cavitation in the apex. The left lung shows infiltration with marked 
fibrosis and possibly some caseation. Gastrowtestinal Series: Opinion, chronic 
colitis with stasis. 

Clinical Laboratory Findings: The blood Wassermann and urine were nega- 
tive. The faeces showed an occasional trichina, and a moderate amount of 
mucus but no occult blood. The sputum was positive for tubercle bacilli. 
On admission the blood was as follows: Total erythrocyte count, 4,250,000; 
total leucocyte count, 15,100; polymorphonuclears, 64 per cent; small mono- 
nuclears, 10 per cent; transitionals, 2 per cent; eosinophiles, 4 per cent; lympho- 
cytes, 20 per cent. Two months later the total erythrocyte count was 
3,800,000; the total leucocyte count, 9,300; polymorphonuclears, 62 per cent; 
small mononuclears, 6 per cent; transitionals, 2 per cent; and lymphocyte 
count, 30 per cent. 

Examinations of the gastric contents showed a persistent diminution of 
total acidity and an absence of free hydrochloric acid. Bile was present but 
no blood. There was considerable viscid mucus which was stained a deep 
yellow. 

Aside from the usual symptoms of terminal pulmonary tuberculosis the 
patient presented a group of more severe ones referable to the alimentary 
tract, all of which were attributed to intestinal tuberculosis. There was one 
outstanding symptom, however, that did lead to a gesture toward an independ- 
e1.c aetiological cause. Four weeks after admission the patient began to 
suffer from an irregular hyperpyrexia followed by chilliness or severe chills. 
Blood taken during a chill was examined for Plasmodi:m malariae and tubercle 
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bacilli, but neither were found. Icterus was present, which is not the rule in 


such cases. 


Fic. 1 


Autopsy Report 
June 18, 1926: White, male, slight build, markedly emaciated, retracted 


intercostal interspaces. Weight approximately 95 pounds; age 58 years. Body 


on 
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has been embalmed for several days. Spinal cord not dissected. Abdomen 
flat and not distended. Liver markedly enlarged. 

Thorax: Right: Few dense adhesions at apex. No nodules noted. Large 
multiple cavity and infiltration of upper lobe, middle and lower lobes appear 
fairly normal. Left: Entire lung is bound down with adhesions, which are 
especially dense at apex. Large multiple cavity, infiltration and caseation in 
upper lobe. Lower lobe emphysematous. Numerous tubercle bacilli in 
material from cavities in right lung. 

Heart: Normal size. Normal amount of pericardial fluid. Myocardium, 
endocardium and valves normal. Mouth and Neck: Not dissected. 

Liver: Was greatly enlarged, with numerous large, hard, yellow nodular 
areas over entire surface. Nodules on section filled with caseous material. 
The caseous masses in the parenchyma, when emptied, exhibited well-organized 
fibrous capsules varying from one-half inch to one inch in diameter. Smears 
from caseous material showed many tubercle bacilli present. Microscopical 
section showed many tubercles containing giant cells and caseation. 

Pancreas and spleen normal. Intestinal tract not examined. Pelvis 
negative. 

Kidneys: Right: Slightly enlarged; firm, stripped easily; pale in color. 
Microscopical section showed numerous small cysts; otherwise normal. Left: 
Normal size, stripped easily; cut firmly; appeared congested. Microscopical 
section showed normal kidney. 

Pathological Diagnosis: (1) Tuberculosis, pulmonary, chronic, far advanced, 
active; (2) tuberculosis of the liver. 


CONCLUSIONS 


1. Miliary tuberculosis of the liver, if searched for microscopically, 
is a complication much more common than is generally supposed. 

2. Local tuberculosis is the rarest complication found and, aside from 
placental infection, does not appear to be primary. 

3. A greater number of cavity cases have been reported abroad and 
the percentage of autopsies held in the United States is low. 

4. Liver cavitation has no characteristic symptomatology and has 
never been diagnosed prior to a laparotomy. 

5. A fatal termination may be expected in tuberculosis of the liver. 
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ACUTE MILIARY TUBERCULOSIS OF THE LIVER 
Case Report 
B. M. RANDOLPH! 


The patient who is the subject of this report was a white male, aged 58 years, 
law clerk, married, and the father of two healthy sons, aged 24 and 18 years, 
respectively. One child died at seven years of age of congenital anatomical 
defect of the heart; the patient’s wife is healthy. 

He was born and spent his early life in tide-water Virginia. He had malaria 
in youth, but has been free from that disease since. He served in the Spanish- 
American War (1898), during which he was ill with a continued fever, the 
nature of which he was uncertain about, and which was thought to be possibly 
typhoid fever. He had had no other serious illness until four years ago, when 
he had a spell of acute polyarthritis, by which he was invalided for several 
weeks. Three years ago there appeared on the ala of his nose a small super- 
ficial epithelioma, which was treated by surgery and radium. This lesion 
healed, and has since shown no tendency to recurrence. He has had attacks of 
tonsillitis from time to time, and at the beginning of the final illness the appear- 
ance of the tonsils was one of chronic infection. 

In November, 1928, he had a recurrence of arthritis, which involved several 
large and small joints. This attack was subacute, with repeated exacerba- 
tions and remissions. It kept him from his office for a day or two at a time 
throughout the winter. He had a mild attack of influenza in February, 1929. 

The.final illness began March 7, 1929, during which he was under the pro- 
fessional care of Dr. Robert S. Beale, with whom I saw him in consultation. 
On this date the patient had a chill, which was followed by fever of 104°. 
The next day he had another chill, which was followed by a similar febrile 
reaction. Following this onset, he had an irregular continued fever, ranging 
from 101° to 104°. His joint pain, from which he had not been free for months, 
disappeared with the onset of this illness. 

The blood was negative for malaria, and typhoid and the paratyphoid 
fevers. The leucocyte count was normal (7200), except for a relative in- 
crease of lymphocytes (36 per cent). The urine showed no evidence of renal 
disease. The spleen was moderately but definitely enlarged. The liver 
appeared slightly enlarged. Respiration was not accelerated. Physical ex- 
amination of the heart and lungs was completely negative. The tongue was 
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dry, rough and somewhat beefy. ‘There was no eruption of the skin and no 
jaundice. The general aspect of the case was much like typhoid fever, but 
this diagnosis was excluded by the negative blood findings. 

On each succeeding day the liver was found to be increasing in size. At 
the same time the toxic state increased. From the ninth to the twelfth day 
of the disease, the size of the liver increased with great rapidity. At this time 
our opinion was that the basic affection was an inflammation of the liver, 
probably a metastatic infection by the microdrganism that had all along been 
responsible for the arthritis. The possibility that the progressive enlargement 
of the organ was due to abscess indicated a surgical consultation, and on March 
19 the patient was taken to the George Washington University Hospital. The 
urine had now begun to show evidence of infectious nephrosis, that is, albu- 
men and casts. 

On admission the temperature was 100°, pulse 102, respiration 20. Blood 
examination showed haemoglobin, 77 per cent; red cells, 3,750,000; and white 
cells 12,400, which were distributed as polymorphonuclear cells 77 per cent, 
lymphocytes 20 per cent, mononuclears 1 per cent and eosinophiles 2 per cent. 

The urine was acid: specific gravity 1.026; with albumen, and a moderate 
number of hyaline casts. 

Surgical consultation was had with Drs. Wm. C. Borden and D. L. Borden. 
No agreement was reached as to the diagnosis. The possibility of liver ab- 
scess, empyema of the gall-bladder, and of malignant tumor with an infec- 
tious process superimposed, were considered. The possibility of an acute tu- 
berculous process was mentioned, this having been suggested by the blood 
picture of the early stage of the disease. 

There was unanimous agreement as to an unfavorable prognosis. The only 
hope offered lay in exploratory surgery, and the possibility of finding an ab- 
scess which could be successfully drained. At operation, March 21, by Dr. 
D. L. Borden, the liver was found enormously enlarged, deeply injected, 
roughened and indurated. Manifestly it contained no abscess of any size. 
At the neck of the gall-bladder was a mass which was found to be a collection 
of old inspissated gall-stones. This was enucleated, and the surgical wound 
closed with drainage. 

The patient reacted satisfactorily from the surgical procedure, but imme- 
diately developed hyperpyrexia, and died the afternoon of the day following 
the operation. 


Autopsy Findings 


The autopsy was restricted to the regions that were accessible through the 
surgical wound, and did not include the thoracic viscera. 

Liver: Was enlarged to about twice normal size (weight 3400 gm.). Sur- 
face slightly granular. Capsule thickened. There is discrete scarring of the 
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surface, with depressions of the surface due to shrinkage of fibrous scar-tissue. 
Color paler than normal. Consistence firm and elastic. There is increased 
resistance to section, and the cut-surface is paler than normal. There is a 
considerable amount of scarring throughout the organ, the picture resembling 
that of atrophic cirrhosis, with masses of liver cells surrounded by fibrous 
tissue. There are small grayish nodules scattered throughout the liver. 

Spleen: Is enlarged (weight 345 gm.). The surface is smooth and the cap- 
sule thickened. On section it is found to contain an increased amount of 
diffuse connective tissue, with diminished pulp substance, and passive conges- 
tion. There are no macroscopic tubercles. 


am. 


Fic. 1. MricROPHOTOGRAPH OF SECTION FROM LIVER OF CASE OF ACUTE MILIARY TUBERCU- 
LOSIS OF LIVER 


All tubercles appear in the same stage of development 


Kidneys: Show cloudy swelling characteristic of acute febrile infection. 
There are no macroscopic tubercles. 

Bladder and Prostate: Show no abnormality. 

Pancreas: Is of normal size, but much softer than normal. On section is 
hyperaemic, with marked diffuse degeneration of the pancreatic substance, 
which is replaced by fat. The picture is that of old chronic pancreatitis. 


A review of the literature through 1927 has yielded only three cases of 
acute miliary tuberculosis of the liver, without generalized tuberculosis. 
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Under the title, Acute Pylephlebogenous Tuberculosis of the Liver with 
Clinical Picture of Acute Infectious Jaundice; Primary Tuberculosis of 
Mesenteric Glands, A. S. Warthin reports two cases of miliary tubercu- 
losis of the liver, without generalized miliary tuberculosis (Transactions, 
Fourth Annual Meeting, National Association for the Study & Prevention 
of Tuberculosis, 1908). He writes, “In the literature I have been wholly 
unable to find observations similar to these.” 

Massini (Schweiz. med. Wchnschr., 1921, li, 181) reports a case of 
isolated tuberculosis of the liver, in which the distributing focus was 
evidently an active chronic tuberculosis of the spleen. This case had 
also active pulmonary tuberculosis, but the miliary distribution was 
limited to the liver. Five days before death there was noted a yellowish 
tinge to the sclera, but no jaundice of the skin. 

In 1903 (ca) I did an autopsy on an elderly woman, who had died fol- 
lowing an operation for uterine carcinoma. In the liver were found 
scattered discretely throughout the organ a multitude of caseated inac- 
tive globular foci, which were histologically characteristic tuberculous 
lesions. I did not at the time understand the mechanism of their 
localization in the liver. As I look back, I believe that this was also 


probably a case of miliary tuberculosis of the liver, which had recovered. 


SUMMARY 


It seems likely that the illness of 1898, when typhoid fever was sus- 
pected, was a cholecystitis, due to or followed by the formation of gall- 
stones; that the perihepatitis and cirrhosis were secondary to this in- 
fection; also, that the chronic pancreatitis had the same origin. What 
effect (if any) subsequent infection (tonsillitis and arthritis) had in in- 
creasing the extent of these fibrous and degenerative lesions is neces- 
sarily a matter of conjecture. There was no appearance of recent ac- 
tivity about them. 

The miliary tuberculosis of the liver was manifestly an acute and recent 
affair. There was no evidence of chronic or long-standing tuberculous 
foci. There is a uniformity in state of development of all the lesions, 
showing them to be approximately of the same age. It is regretted that 
the lungs were not available for anatomical study. It seems fairly cer- 
tain that generalized miliary tuberculosis did not exist. Such a condi- 
tion, lasting two weeks, would have exhibited an acceleration of respira- 
tion and other evidence of pulmonary involvement. An X-ray of the 
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chest, taken the day before operation, gave no suggestion of pulmonary 
lesions. Furthermore, the absence of miliary tubercles of the kid- 
neys and spleen is not compatible with general miliary tuberculosis. 
The explanation offered of the pathological picture is that an old ab- 
dominal focus of tuberculosis, probably of a lymph node, became active; 
that this focus was in relation to a radicle of the portal vein; that the tu- 
berculosis infiltrated the coats of this vein, causing ulceration of its endo- 
thelial lining; and that this ulcer served as the source of the tubercle 
bacilli which accounted for the miliary tuberculosis limited to the liver. 


‘ 


A STUDY OF THE RELATIONSHIP OF TUBERCULOUS 
CERVICAL ADENITIS TO PULMONARY 
TUBERCULOSIS! 


G. PHILIP GRABFIELD anp RICHARD H. MILLER 


In 1897 Orth (1) suggested the faucial tonsil as a portal of entry for the 
tubercle bacillus. However, most of the earlier physicians, from clinical 
evidence alone, and almost all recent writers have considered the gastro- 
intestinal or respiratory tract the probable source of infection in tubercu- 
losis. The frequent occurrence of tuberculous lymph nodes in the neck, 
in comparison with the incidence of tuberculous nodes elsewhere in the 
body, leads one to suspect that Orth’s hypothesis may explain the patho- 
genesis of adult pulmonary tuberculosis in more cases than is generally 
thought. 

It is stated (2) that in practically every instance the tubercle bacillus 
enters the body by the air-passages or gastrointestinal tract, or both, and 
that the lymph nodes and lymphocytes have no selective action against 
the tubercle bacillus. It is further stated that the lungs are infected via 
the air-passages and blood-vessels, and that it has not been proved that 
this occurs from the tracheobronchial and cervical nodes. 

Grober (3) made an elaborate study on dogs and guinea pigs to show 
the possibility of direct infection of the pulmonary apices from the 
pharyngeal wall. He injected india ink into the pharyngeal wall of these 
animals and killed them at varying intervals after the injections. He 
showed that, according to the time interval after the injection, the 
particles had travelled lower and lower in the neck, finally reaching the 
apical pleura and the lymphatics of the lungs themselves. 

Beckwith and Millzner (4) found that, on insufflation with bovine 
tubercle bacilli and india ink, they got extensive tracheobronchial-node 
involvement, few lesions in the lungs, late involvement of the spleen, and 
in all cases there were tubercle bacilli in the lymph nodes. They suggest 
that there may be a direct path to the apical pleura from the cervical 
lymph nodes. 


1 From the Non-Pulmonary Tuberculosis Clinic of the Massachusetts General Hospital, 


Boston, Massachusetts. 
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The tonsils and adenoids drain into the carotid or substernocleido- 
mastoid lymph nodes, which also drain the various superficial nodes 


Fic. 1. TyptcaAt CASE OF CALCIFIED LymMpH NopDEs OF NECK SHOWING EXTENSION FROM 
PHARYNGEAL REGION TO APEX 
Fic. 2. CASE SHOWING EXTENSION DOWNWARD OF CALCIFIED TUBERCULOUS LymMPH NODES 
OF JAW TO APEX 


around the base of the skull, face and jaw. There is another important 
group of lymph nodes lying low in the posterior triangle, and called the 
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supraclavicular nodes, which lie close to the apex of the lung; these drain 
the surrounding tissues, and are in communication with the breast and 
axilla. The carotid nodes are almost always involved in tuberculosis, 
the supraclavicular nodes less often, and the anatomical relation of the 
two is important, though a perusal of the literature does not make the 
situation entirely clear. According to G. B. Wood (5) the carotid-node 
efferents form the jugular trunk, which unites with the efferent vessel 
from the supraclavicular nodes, forming a common lymphatic trunk, 
which empties, on the right, into the subclavian vein, and on the left into 
the thoracic duct. Deaver (6) says that the carotid nodes drain into the 
supraclavicular nodes, from which the efferents form the jugular trunk, 
emptying into the thoracic duct on the left and the right lymph duct on 
the right (though either may empty direct into the subclavian vein). 
There is no direct connection between the lymph nodes of the neck and 
those of the thoracic cavity, nor is there direct lymph drainage from the 
supraclavicular nodes to the apex of the lung. Involvement of the apical 
pleura from contiguous lymph nodes must, if it occurs, result from direct 
extension of infection, carrying tubercle bacilli, and not from commonly 
accepted lymph-vessel drainage. An argument against direct extension 
of tuberculous infection from the pharynx to the apex of the lung is the 
fact that tuberculosis of the substernocleidomastoid lymph nodes is so 
common, while that of the supraclavicular lymph nodes, lying on the 
apical pleura, is so comparatively uncommon. However, we have seen 
roentgenograms in which calcified supraclavicular nodes could be demon- 
strated in contact with a thickened apical pleura. 

Miller (7) has definitely shown that the lymphatic drainage of both 
the visceral and parietal pleurae is toward the hilum, thus making in- 
fection of the apices by retrograde lymphatic metastasis from the tra- 
cheobronchial nodes very unlikely. 

On a priori grounds it is very difficult to see why insufflation or blood- 
stream infection should cause the startling localization commonly 
associated with adult pulmonary tuberculosis. If either of these methods 
were the usual ones, lesions scattered equally throughout the lungs from 
top to bottom and on either side should be the rule. On this account, it 
was determined to study clinically the relationship between tuberculosis 
of the lymphoid tissue of the neck and pharynx and the apical pleura, in 
an attempt to explain the outstanding feature of adult pulmonary tuber- 
culosis, its localization in the apices. 

In a previous attack on this problem (8), it has been shown that there is 
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a high degree of correlation between the occurrence of tuberculosis in the 
faucial tonsils and the appearance of thickening of the pleura over the 
apices in stereoscopic roentgenograms. This thickening has been called 
the pleural cap. To detect this, stereoscopic roentgenograms are neces- 
sary. The actual occurrence of the so called pleural cap has been suffi- 
ciently frequently observed to make further discussion of this needless. 

In another earlier study (9) 28 cases of tuberculous lymph nodes of the 
neck (clinical diagnoses only) were carefully gone over, of which only 
eight failed to show by X-ray examination either pulmonary tuberculosis 
or a pleural cap, or both. In the present study we have been able to 
follow with satisfactory roentgenograms 41 cases of tuberculous cervical 
adenitis, proved by biopsy. Of these, 13 had infected nodes on both 
sides, 10 only on the left and 18 only on the right. The incidence, 
therefore, of nodes on the right side as compared with the left was 
practically as three is to two. When we studied the incidence of pleural 
caps in these cases, we found that 81 per cent showed these, as against 
71 per cent in the previous study. 

The question immediately arises as to whether this pleural cap may not 
be an indication of the tuberculous infection found in a similar percent- 
age of cases at autopsy. This question was taken up in a previous study 
(8) in which the occurrence of this in supposedly normal individuals 
was determined. Fifty-six per cent of 360 normal individuals without 
cervical adenopathy showed this lesion. 

Again comparing our figures with the normal, it is interesting to work 
out the distribution of the caps in regard to the sides. Twenty-nine 
per cent of our cases had caps on both sides, whereas 23 per cent of nor- 
mal chests have caps on both sides. However, the relative increase over 
the normal distribution of caps only on the left is greater than that of caps 
only on the right, and in our series the number of caps on the left alone 
is greater than that on the right alone. The opposite is true of the 
lymph-node involvement. In a previous study it was concluded that 
the tendency of the spread of involvement is not a simple matter in the 
relationship of the cervical nodes to the apical pleura, but seems to be 
more apt to be from the cervical nodes to the apical pleura of the same 
side, thence to the apical pleura of the opposite side, and then the under- 
lying lung. Whether it is possible to prove this experimentally is 
another question, but if this explanation is correct it would account for 
the weighting of our figures toward the left pleural cap, in spite of the 
prevalence of nodes on the right. However, this group of cases is 
probably too small to make the finer distinction. 
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In a general way, it seems to us that the correlation between thicken- 
ing of the apical pleura and tuberculosis of the tonsils and cervical lym- 
phatics is too close to be a matter of chance, and consequently we must 
take into account the possibility of this path of infection in pulmonary 
tuberculosis. This is the more important in that the current theories 
do not seem entirely satisfying in explanation of the observed facts. 
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THE EPIDEMIOLOGY OF TUBERCULOSIS OF NEGROES! 
EUGENE L. OPIE 


Of ten million colored people in this country approximately 25,000 die 
every year from tuberculosis. The falling death-rate gives hope for the 
future but scant present comfort, and in certain localities the death-rate 
has increased rather than fallen. Such accurate knowledge as we possess 
of the tuberculosis of colored people is almost wholly derived from analysis 
of statistical data concerning its mortality among them. Knowledge of 
those peculiar characters of the disease in the Negro that explain this 
appalling mortality is astonishingly defective. Somewhat vague state- 
ments concerning the clinical course of tuberculosis in colored people are 
familiar. It is not definitely known if the tuberculosis of the American 
Negro produces pathological changes that in part distinguish it from the 
tuberculosis of white people living in close proximity to them, though 
the suggestion that there are conspicuous differences is made repeatedly. 
Concerning the distribution of tuberculosis as a manifest disease in the 
general colored population, that is, morbidity from tuberculosis as dis- 
tinguished from mortality, little is known save by vague inference. 
Almost nothing is known concerning the prevalence of minor but never- 
theless not infreqently grave infections, which are often the precursors of 
fatal disease. No effort has been made to determine how tuberculosis 
spreads among colored people or what are the peculiar conditions that 
modify this spread. 

Better knowledge concerning these very practical questions offers the 
best promise of improved measures for control of the disease among the 
colored people of this country. 

An analysis by Sydenstricker (1) of the tuberculosis mortality of 1925in 
the Death Registration Area of the United States shows that the maxi- 
mum death-rate for white women is between 20 and 24; it falls and gradu- 
ally rises to a second but lower peak at 70 years. For white men the 


1From the Henry Phipps Institute, University of Pennsylvania, Philadelphia, Penn- 


sylvania. 
2 Presented at a session of the Sociological Section at the twenty-sixth annual meeting of 


the National Tuberculosis Association, Memphis, Tennessee, May 8, 1930. 
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rate gradually increases up to a maximum at 70 years of age. The total 
death-rate for men is greater than that for women. For colored people, 
however, the mortality from the disease in both men and women reaches 
a maximum between the ages 20 and 24, when it is four times that of 
white people. The fall in death-rate, more abrupt in colored women 
than in colored men, is continuous throughout the remainder of life. 
The total death-rate, unlike that of white people, is somewhat less in 
colored men than in colored women. 

Statistics of the Metropolitan Life Insurance Company compiled by 
Dublin from 18,500,000 white people and 2,500,000 Negroes show that 
the average death-rate per 100,000 from 1925 to 1927 was for the white 
race 68.9, for the colored 203, a ratio of approximately 1 to 3. The dis- 
ease attacks Negro children with far greater severity than white, the 
ratio of deaths for the two races between birth and 15 years of age being 
1 to 9.2, but from 15 up to 25, 1 to 3.9. When comparison is made be- 
tween these figures and those collected between 1911 and 1913 it is 
evident that the death-rate has fallen rapidly in both white and colored 
people, the percentage of fall for each age-group being somewhat less for 
colored than for white. 

It is noteworthy that the mortality graph for colored people is that of 
a disease that begins in adolescence or early adult life and pursues a 
rapidly fatal course. Tuberculosis in white people pursues a more 
chronic course and in men even more frequently than in women tends to 
cause death at a later period of life. 

The statistics of those insured in the Industrial Department of the 
Metropolitan Life Insurance Company give an accurate picture of mor- 
tality from tuberculosis in white and colored people who live in the cities 
and larger towns of the country and doubtless, as Dublin suggests, under 
somewhat more unfavorable conditions than the general population. 
The graph of mortality among colored females shows in early adult life 
the high peak seen in that of the general colored population, but the graph 
for colored males, though highest at, the same period, has a greater re- 
semblance to that for white males and shows a higher proportion of 
deaths in middle life. This graph also suggests that the chronic tuber- 
culosis usual in the white race is more prevalent among the urban patrons 
of industrial insurance than among the colored people of the country as 
a whole and occurs more often in men than in women. 

The following table shows the distribution of tuberculosis in cities of 
more than 10,000 inhabitants on the one hand and in rural districts of the 
United States on the other (2). 
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Tuberculosis mortality rates per 100,000 for white and colored races in the U. S. Registration 
Area in 1926 


RATIOS OF WHITE 


TO COLORED 


73.1 300.6 1:4.1 


Even lower death-rates for rural colored people are found in some of 
the Southern States (Mississippi 155.4, Louisiana 131.3), but it is note- 
worthy that the rural death-rate for white people is also low in these 
states. 

Tuberculosis mortality during 1926 in the Registration Area shows 
that the death-rate from the disease in children from birth up to 15 years 
of age has not been very much greater than that for all ages. Among the 
colored industrial insured of the same ages the death-rate was 9.3 times 
that of the white, whereas the rate for all ages in colored people was only 
3 times as great (3). The possibility that this preponderance is peculiar 
to the cities is suggested by statistics from Chicago ‘described by Robey 
and Falk (4), which show that the tuberculosis death-rate of children 
from birth to 11 years of age was in 1924, 1925 and 1926 ten times that 
of white children of corresponding ages. 

It may not prove wholly irrelevant to the present discussion to con- 
sider briefly the appearance and modern spread of tuberculosis among 
the native black population of Africa. There is abundant evidence that 
the interior of Africa was free from tuberculosis before the advent of the 
white explorer, and from observations made by physicians within the 
last two decades we obtain glimpses of how the disease has spread. At 
Bassam on the Ivory Coast Sorel (5) found that 20.9 per cent of the 
inhabitants reacted to tuberculin, whereas at Bornake 350 kilometres 
inland only-2 per cent were sensitive to tuberculin. Similar observations 
have been made by Ziemann (6) in German South Africa. Among adult 
Bantu natives the number of those who reacted to tuberculin did not 
exceed 4.4 per cent, and in all instances in which Bantu children reacted 
to tuberculin the parents had served in the homes of Europeans. Among 
80 natives of the adjacent highlands only one reacted to tuberculin and 
he had served as a soldier on the coast. 

The susceptibility of black troops transported from Africa to Europe is 
well shown by observations made during the World War. The tubercu- 
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losis that occurred among French African troops has been described by 
Borrel (7). Of recently recruited men, brought directly from Senegal to 
the Fréjus Camp, only 4 or 5 per cent reacted to tuberculin. The inci- 
dence of tuberculosis increased steadily, although earnest effort was made 
to combat the disease, and the deaths increased from 48 in 1916 to 557 in 
1918. The average strength of the camp was almost constant at approxi- 
mately 50,000; the death-rate estimated per 100,000 was 624 in 1917 and 
1,114 in 1918. 

The occurrence of tuberculosis in black troops transported from South 
Africa to France has been described by Lyle Cummins (8), who compares 
its frequency with that among white troops living under similar condi- 
tions. Among black troops consisting of Cape Boys and Kaffirs from 
countries in which tuberculosis is uncommon and having an average 
strength of 11,000 men, Cummins found in 1917 and 1918 more deaths 
from tuberculosis than in all the white British troops in France number- 
ing 1,500,000. The deaths among the black troops numbered 182, where- 
as those among the white were only 165. Since these African troops 
received a thorough medical inspection before they left their country, 
it must be assumed that the disease was contracted in France. It is 
notable that for every death among white troops tuberculosis was recog- 
nized during life in 17 instances, but among black troops for every death 
there were only two patients with recognized tuberculosis. 

I shall cite briefly observations made in a country where white and 
colored people have been in contact for three centuries because tubercu- 
losis of the black population has here a close resemblance to that of the 
same race in the United States. During the last two years studies have 
been in progress under the auspices of the International Health Division 
of the Rockefeller Foundation to determine the prevalence and mode of 
spread of tuberculosis in Jamaica. The island has a population of 
approximately 800,000 colored people and 15,000 white. Although the 
two races have long been in contact it is doubtful if there has been ade- 
quate opportunity for uniform dissemination of the disease throughout 
the island. Existing records of deaths, unfortunately in large part not 
certified by physicians, and observations made during the progress of the 
investigation indicate that the disease is primarily one of the cities and 
spreads slowly to the country districts. 

In the native Jamaican, tuberculosis usually pursues a rapidly fatal 
course and when the disease is recognized the prospect of recovery is 
scant. Of 171 patients treated by the dispensary in Kingston during the 
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first six months of its operation 100, or 58.5 per cent, were dead at the 
end of the second six months. The average duration of the disease in 
patients in Jamaica who died from tuberculosis between the ages of 20 
and 30 years was 9 months, whereas its duration in a similar group of 
white patients attending the dispensary of the Henry Phipps Institute 
in Philadelphia was 2 years and 4 months. The average duration of the 
disease in those who died between the ages of 30 and 50 years was 1 year 
and 3 months in Jamaica and 3 years and 11 months in Philadelphia. 

A graph showing mortality from tuberculosis by ages in Jamaica has a 
high peak between the ages of twenty and twenty-five years, and subse- 
quently falls rapidly. It is the same for males and females and evidently 
describes an acutely fatal disease with greatest incidence in early adult 
life. 

With the acute pulmonary tuberculosis of Jamaica tubercle bacilli are 
eliminated with the sputum in vastly greater number than with the 
more chronic type that occurs in white adults in this country. This 
factor favors its transmission to others, but the brief course of the disease 
doubtless retards its spread. 

The prevalence of tuberculosis in Jamaica is in large part referable to 
the crowded dwellings and careless habits of the poorer people. Whole 
families, consisting of two or more adults and sometimes as many as six 
children, live in small huts or yard rooms, 8 by 10 feet, and in the cities 
from 4 to 8 of these huts may be crowded into a small court-yard between 
larger buildings. Patients with tuberculosis expectorate freely within 
and about their huts. 

Under these conditions the disease spreads rapidly and is transmitted 
from sick to well members of the household. Not only do the children 
rapidly acquire fatal infection but obvious transmission from one adult 
to another, for example, from husband or wife to the consort, is much 
more frequent than among the white population of this or European 
countries. An entire family may be wiped out within one year by the 
disease, which spreads rapidly and is soon fatal. 

Discussion concerning the transmission of tuberculosis from husband 
or wife to the partner in marriage or concerning the occurrence of infec- 
tion during adult life, such as is familiar in the literature of this country 
and of Europe, is not applicable to the tuberculosis of Jamaica, where 
this mode of contagion is often obvious. 

A relatively small number of autopsies performed on those who have 
died from tuberculosis in Jamaica show that, whereas the chronic type 
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of pulmonary tuberculosis familiar in white people occurs in the native 
Jamaican, the disease much more frequently resembles that of children 
in this country. It has the familiar characters of a first infection, arising 
in some part of the lung other than the apex and producing massive en- 
largement and caseation of the adjacent tracheobronchial lymph nodes. 
The lungs and lymph nodes contain no healing or healed (calcified) scars 
of a preceding infection. Death may follow general dissemination 
throughout the body. These characters appeared in over half of those 
who had died as the result of pulmonary tuberculosis. Instances of 
chronic pulmonary tuberculosis identical with that of white adults in this 
country occur in Jamaica, but even when the disease is most advanced 
in the apex it often has characters intermediate between those of the 
childhood and adult types of this country, for massive caseous pneu- 
monia is a conspicuous feature of the lesion and there is some caseation of 
the lymph nodes about the bronchi. 

I have described in some detail tuberculosis as it occurs in Jamaica, 
because there is much evidence to support the belief that tuberculosis of 
the American Negro in certain respects is intermediate between that of 
the native Jamaican and that of white people here and in Europe. 

A variety of opinions have been advanced to explain the greater sus- 
ceptibility of the Negro race to tuberculosis. 

1: Has the Negro an hereditary racial susceptibility to tuberculosis? 
If innate predisposition is transmitted by heredity, colored people will 
require methods of protection not applicable to the white. 

2: Do the social and environmental conditions under which colored 
people live in this country expose them to massive infection when they 
come into contact with the disease? Environment and habits may be 
changed, doubtless with much difficulty. 

3: Are many of the colored people of this country peculiarly suscepti- 
ble to tuberculosis because they have not been exposed to it during child- 
hood? An accurate measure of the value of acquired immunity as a 
factor in protection against tuberculosis is obviously desirable. 

It would be unprofitable to review the familiar discussion concerning 
the relative importance of heredity and environment as factors in the 
production of tuberculosis. Environment determines the conditions 
under which the invading microérganism enters the body and inherited 
susceptibility will determine the varying course of the disease under 
various conditions of infection. Specific immunity acquired as the result 
of infection may modify inherited susceptibility. The circumstances 
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under which human infection with tuberculosis occurs are so complex 
and imperfectly understood that it is doubtful if we have any informa- 
tion that can be used to determine in what degree heredity influences the 
susceptibility of the Negro race to the disease. 

The results of treatment of sanatorium patients with pulmonary 
tuberculosis are cited by Carter (9) as evidence that the white has more 
innate resistance than the black. Whether far advanced, moderately 
advanced or minimal, the disease undergoes improvement in white people 
more frequently than in Negroes. Particularly significant, he has 
thought, is the observation that mulattoes are in this relation inter- 
mediate between whites and blacks. Mulattoes and blacks, he states, 
live under practically identical environmental conditions, and hence 
it appears that the white race has transmitted part of its inherited racial 
resistance to the mulatto. The possibility, however, that the white has 
by contact transmitted the disease to the mulatto cannot be excluded. 

Observations that have been described indicate that the spread of 
tuberculosis in Jamaica is profoundly influenced by housing and habits 
that facilitate the transmission of tubercle bacilli from one human being 
to another. The disease evidently spreads from the cities to the coun- 
try districts. 

Casual references to the subject suggest that there was little tubercu- 
losis among the Negro population of the South before the Civil War. 
The records of the health office of Charleston, South Carolina, (Jones 
(10)), frequently quoted, furnish evidence that the death-rate from 
tuberculosis was no greater in that city among the black than among the 
white population until 1865, but in subsequent years rapidly attained its 
present preponderance. Bushnell (11) thinks that the proximity of the 
two races excludes the possibility that they were not equally exposed to 
the disease during the period of slavery. The frightful mortality follow- 
ing emancipation, he says, cannot be the result of primary infection of a 
population that had acquired no immunity, whereas the economic con- 
ditions under which the Negro has labored cause poverty and unsanitary 
homes favorable to the development of tuberculosis. 

Experiments of Augustine (12) made at the Henry Phipps Institute 
suggest that there is an intimate relation between tuberculosis of the 
Negro and the environment in which he lives. Dust collected fromthe 
bed-room or the clothing of patients with open tuberculosis was injected 
into guinea pigs in order to determine if it contained living tubercle 
bacilli. The social worker who visits the home of a patient notes whether 
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in her opinion it is ‘‘clean” or “dirty.”” The dust from 31 such homes 
regarded as clean contained virulent tubercle bacilli in 6 instances (19 
per cent) whereas the dust from 9 homes designated as dirty contained 
tubercle bacilli 5 times (55 per cent). Dust collected from the homes of 
26 white patients with open tuberculosis contained viable tubercle bacilli 
5 times (19 per cent) and from the homes of 14 colored patients 6 times 
(43 percent). These observations, made on dispensary patients, indicate 
that colored families of which some member suffers with open tuberculosis 
are exposed to a greater number of tubercle bacilli than white. 

Observations made on bodies after death first showed that a large 
number of those who have died from causes other than tuberculosis have 
healing or healed scars of tuberculous infection often acquired in child- 
hood. The tuberculin reaction has shown that minor infections with 
tuberculosis occur with increasing frequency from birth to adult life. 
There is abundant evidence that these infections confer immunity, but 
this acquired resistance may be insufficient under unfavorable conditions 
to prevent infection. It is now widely recognized that the character- 
istic pulmonary tuberculosis of adults is a disease modified by preéxisting 
infection. 

Observations made postmortem suggest that the American Negro 
escapes tuberculous infection during childhood more frequently than 
white people and more often suffers in adult life from rapidly fatal tuber- 
culosis with the characters of the first infection of white children. A 
small number of autopsies (13) disclosed somewhat fewer calcified scars 
of tuberculous infection in lungs and tracheobronchial lymph nodes in 
colored than in white adults. On the one hand, chronic apical tubercu- 
losis, both clinically manifest and latent, which is the characteristic form 
of the disease in white adults, is less common in colored adults and, on 
the other hand, pulmonary tuberculosis of short duration with the char- 
acters of a first infection in children is more frequent in colored adults. 
These observations are significant in the present discussion, because 
they suggest that a larger number of colored than white persons escape 
tuberculous infection during childhood and in adult life suffer with an 
unusually severe type of the disease. 

The data that are available do not furnish sufficient evidence to ex- 
plain decisively the high death-rate from tuberculosis among colored 
people in this country. The information at hand does not show that 
the Negro race has any hereditary susceptibility to the disease but this 
possibility cannot be excluded. Tuberculosis is primarily a disease of 


| 
| 
| 
| 
| 


EPIDEMIOLOGY OF TUBERCULOSIS OF NEGROES 611 


poverty and the economic conditions under which many colored people 
live are such as favor the spread of the disease. Environmental condi- 
tions doubtless explain in part the high death-rate of the American Negro. 
Although the white and colored races have been in contact in this coun- 
try for approximately three centuries, there is insufficient evidence to 
prove that the colored people have been equally exposed with the white 
and are infected with equal frequency. Indeed, what little evidence we 
have indicates that the contrary is true, for the pathological anatomy of 
tuberculosis in the colored people of this country indicates that they 
escape infection during childhood more frequently than the whites and 
then die from a form of tuberculosis that has all the severity of a first 
infection. We are familiar with the same susceptibility in the African 
Negro recently transported to Europe and we have just seen that the 
black people of Jamaica exhibit it. 

The adult Negro, even though he has escaped infection during child- 
hood, is no more susceptible than the child, and presumably does not 
suffer with fatal tuberculosis solely because he has come for the first time 
into contact with the infecting agent. A few tubercle bacilli received 
during childhood or adult life will doubtless produce trivial lesions, which 
readily heal. What we know about the living conditions and habits of 
the poorer colored people indicates that contagion within the household 
will bring about transfer of tubercle bacilli in massive dosage from the 
sick to the well. We are chiefly concerned in preventing such massive 
infection. 

If, as “tuberculization”’ of a community or race we designate, as Bush- 
nell did, the spread and frequency of tuberculous infection, we must 
recognize that the conditions under which it occurs will be widely differ- 
ent at different stages of the process. Adults of the white race suffer 
with long-continued tuberculosis, which slowly undermines their health 
and during a long period they are able to be about and scatter widespread 
tubercle bacilli in relatively small numbers. The race that has more 
recently come into contact with the disease suffers with an acute type, 
which causes profound illness and rapidly ensuing death. The observa- 
tions made in Jamaica indicate that those thus affected scatter tubercle 
bacilli in vastly greater number for much shorter periods of time than 
those affected with the usual chronic type of pulmonary tuberculosis. 
They tend to transmit the same acutely fatal disease among those with 
whom they are in intimate contact and apparently have little oppor- 
tunity to disseminate minor infection widely. We may assume that the 
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“tuberculization” of a community will proceed slowly in isolated rural 
districts, but more rapidly when people are more closely crowded in 
cities. 
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ANATOMICAL CHARACTERISTICS OF TUBERCULOSIS 
IN JAMAICA? 


EUGENE L. OPIE 


The lungs from a small number of Jamaican adults who died from pul- 
monary tuberculosis will be described because in a large part of them the 
disease has the characters of tuberculosis that occurs during infancy and 
early childhood in people of European origin. They furnish evidence 
that many native Jamaicans escape tuberculous infection during child- 
hood and in adult life suffer with tuberculosis that resembles the first 
infection seen in young children. Furthermore these lesions help to 
explain the acute course of the disease prevalent in Jamaica. 

The well-known characters of pulmonary tuberculosis of young chil- 
dren are as follows (1): The lesion may have its origin in any part of 
the lung substance and is not more frequently situated in the apex than 
elsewhere. The disease spreads immediately to the nearest lymph 
nodes where it produces recognizable caseation. In many instances 
these lesions proceed to recovery and remain throughout life as calcified 
scars of the infection acquired in childhood. When, on the contrary, the 
disease progresses, death usually occurs with general dissemination and 
often with acute miliary tuberculosis or tuberculous meningitis. 

In the later period of childhood, especially during adolescence, and in 
adult life the familiar tuberculosis of white persons assumes a different 
character. The lesion has its origin at the apex of the lung; in most 
instances it progresses slowly, and fibrous tissue is formed in the adjacent 
lung tissue. Its most characteristic feature is its tendency to remain 
localized within the lung substance and its failure to spread even to the 
adjacent lymph nodes. In the progressive tuberculosis of early child- 
hood massive caseation of the tracheobronchial lymph nodes is con- 
spicuous, but with the pulmonary tuberculosis of adults there is no casea- 
tion of lymph nodes at the hilum of the lung even though a whole lobe 
or an entire lung is implicated. Progressive tuberculosis of childhood 


1 The observations on which this paper is based were conducted with the support and 
under the auspices of the International Health Division of the Rockefeller Foundation and 
with the codperation of the Henry Phipps Institute of the University of Pennsylvania. 
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usually pursues an acute course, there is in most instances little formation 
of fibrous tissue about the tuberculous lesions, and cavity-formation is 
much less common than in adults although chronic pulmonary tubercu- 
losis with cavities sometimes occurs in young children. With progres- 
sive pulmonary tuberculosis of adults fibrosis and cavity-formation are 
rarely absent. 

The tuberculosis of early childhood has the characters of the tubercu- 
lous infection produced in experimental animals, but the tuberculosis of 
adults, on the contrary, has little resemblance to the familiar progressive 
tuberculosis of susceptible animals such as the guinea pig. It resembles 
much more closely a second infection with tuberculosis in an animal al- 
ready infected with the disease. Koch found that reinfection of guinea 
pigs failed to produce tuberculosis of the nearest lymph nodes. 

Minor tuberculous infections, both of children and of adults (among 
the white races), may undergo healing before they have caused recog- 
nizable symptoms, physical signs or any evident disturbance of health. 
Scars of these latent lesions are found in the lungs of almost all adults 
who die from disease other than tuberculosis in the cities of Europe 
and the United States. Moreover the tuberculin reaction has shown, 
twenty years ago in Vienna (2) and within the last three years in Phila- 
delphia (3), that tuberculous infection is practically universal in urbanized 
adults of European stock. In the majority these infections never be- 
come manifest disease, and they undoubtedly afford some resistance to 
subsequent exposure. If the resistance so acquired is later overwhelmed 
by massive infection, it will nevertheless profoundly modify the course 
of disease. 

When the lungs of those who die from progressive pulmonary tubercu- 
losis of the adult type are studied with the aid of roentgenograms pre- 
pared from the excised lungs, evidence of a preceding infection of the 
type of childhood can be discovered (4). Calcified foci of healed tubercu- 
losis are present in the lung substance and in adjacent lymph nodes. 
The tuberculosis of the type of childhood may be appropriately named 
tuberculosis of first infection, whereas the pulmonary tuberculosis of 
adult type may be designated reinfection with tuberculosis. 

The essential characters of tuberculosis of the later period of childhood 
and of adult life are not determined by the age of the patient but by 
preceding infection. In unusual instances on the one hand they may be 
seen as early as the eighth or tenth year, and the frequency of their oc- 
currence increases as age progresses. On the other hand when children 
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escape infection tuberculosis of first infection may occur in adult life. 
I have seen two instances of this type of pulmonary tuberculosis in white 
and two in colored adults in the United States and roentgenograms of 
the excised lungs disclosed no scars of preceding infection (5). 

In the small series of autopsies, which will be described, it has unfor- 
tunately not been possible to obtain roentgenograms of the excised lungs, 
but by careful dissection search for calcified scars of a preceding infection 
has been made. 

In the 5 cases that follow, pulmonary tuberculosis in adults has had 
the characters of the lesions seen in white infants dying from pulmonary 
tuberculosis during the first year of life. Two of these tuberculous per- 
sons were young adults 19 and 21 years of age, and three older adults, 
aged 27, 27 and 29 years. 


Pulmonary Tuberculosis of Childhood Type in a Young Adult 


L. G., woman, black, aged 19 years, was sent to the Lunatic Asylum from an 
isolated country district in the parish of St. Andrew (June 1, 1928). Approxi- 
mately two months after her admission (July 17) she was sent to the infirmary 
of the asylum with fever, and died two and a half months later (October 
18, 1928). 

Autopsy: At the summit of the right lower lobe (figure 1) there is an almost 
homogeneously caseous triangular area, approximately 7 by 6 cm., with its 
base upon the pleural surface and its apex at the hilum of the lung, where there 
are much enlarged, homogeneously caseous lymph nodes from 1.5 to 2 cm. 
across. Adjacent to the area of consolidation there are conglomerate tubercles, 
varying from 2 to 10 mm. in diameter, and throughout the remainder of both 
lungs there are similar tubercles in less abundance. Below the bifurcation of 
the trachea there is a large, almost uniformly caseous mass of lymph nodes, 
5x3cm., and a similar even larger mass, 7 x 2.5 cm., at the right of the trachea. 
The latter is adherent to the oesophagus and caseation is visible immediately 
below the mucosa. 

Diagnosis: Acute tuberculous pneumonia of the summit of the right lower 
lobe with massive caseous tuberculosis of adjacent lymph nodes. 


Pulmonary Tuberculosis of Childhood Type in a Young Adult 


A woman, brown, aged 21 years, died in the Kingston General Hospital (Feb. 
21, 1928). She had been sick with cough for 7 months. 

Autopsy: The posterior part of the right lower lobe (figure 2) is occupied by 
cavities from 3 to 5 cm. in diameter, between which there is scant airless tissue. 
These cavities are lined by a thin laver of red tissue. Scattered caseous tu- 
bercles occur in the parenchyma. The apex of the lung is normal. At the 
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hilum of the lung in contact with the right bronchus, there is a large lymph 
node, 3 x 1.5 cm., in large part caseous. The apex of the left lung is normal, 
but about 4 cm. below it there is an area of caseous consolidation containing a 
cavity, 3 cm. across. Near the interlobular cleft there is a large cavity, 5 
cm. across, and other cavities occur nearit. At the hilum of the lung there are 
several partly caseous lymph nodes, 1.5 cm. across. Below the bifurcation of 
the trachea there is a large mass of caseous lymph nodes, 6x 3cm. In the 
mesentery there are caseous lymph nodes, of which the largest is 1.5 cm. 
across. There is a caseous lymph node, 2 x 2.5 cm., in the left groin. 

Diagnosis: Tuberculous bronchopneumonia, with cavity-formation in right 
lower and left upper lobes; massive caseous tuberculosis of lymph nodes at 
hilum of lungs and at the bifurcation of the trachea. 


Pulmonary Tuberculosis of Childhood Type in an Adult 


R. M., a woman, black, aged 27 years at death, had been in the Lunatic 
Asylum 5 years. 

Autopsy: The upper lobe of the right lung (figure 3) is air-containing 
throughout. In the middle lobe there is a large area of caseous pneumonia 
containing a small cavity about 1 cm. across, and in continuity with the lumen 
ofabronchus. The lower lobe is voluminous, almost completely consolidated, 
and in part caseous. In the upper part of the lobe there is a cavity, 3 cm. 
across, with ragged necrotic wall. At the hilum in contact with the bronchus 
to the lower lobe a large lymph node, in part pigmented black and in part 
gray lymphoid tissue, contains conspicuous opaque white spots of caseation, 
the largest of which are 2x4mm. Another smaller lymph node nearby con- 
tains similar caseous spots. (The trachea and its bifurcation had been re- 
moved so that it was not possible to determine if there was more extensive 
caseous tuberculosis of lymph nodes.) In the lowest part of the left upper 
lobe there is caseous pneumonia and in the lower lobe there are scattered 
conglomerate tubercles. 

Diagnosis: Acute tuberculous pneumonia, most advanced in right lower 
lobe, with cavity-formation; caseation of lymph nodes at hilum of right lower 
lobe. 


Pulmonary Tuberculosis of Childhood Type with General Miliary Tuberculosis 
in an Adult 


A. F., female, aged 27 years, was admitted to the Lunatic Asylum January 3, 
1928. and died May 22, 1928. 

Autopsy: Throughout both lungs (figure 4) there are uniformly scattered 
miliary tubercles. Below the pleura of the costal aspect of the left lower 
lobe near the diaphragmatic margin there is a caseous focus, 7 x 7 mm., ex- 
tending into the lung substance 5 mm. At the hilum of the left lower lobe 
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there are large caseous lymph nodes, one of which is 2.5 cm. across, and the 
left bronchus within and outside of the lung is completely surrounded by large 
caseous lymph nodes. Miliary tubercles occur in the spleen, liver and kidneys. 

Diagnosis: Tuberculous nodule of left lower lobe; caseous tuberculosis of 
adjacent lymph nodes; general miliary tuberculosis. 


Pulmonary Tuberculosis of Childhood Type in an Adult 


C. H., man, black, 29 years old at the time of death, was sent to the Lunatic 
Asylum 7 years before. He was admitted to the infirmary of the Asylum 
one and a half months before he died, but apparently his symptoms had been 
of longer duration. 

Autopsy: On the surface of the left lung there are old adhesions and the 
lobes are bound together. In contact with the external aspect of the left 
lower lobe (figure 5) there is a focus of consolidation, 4 x 2.5 cm., consisting in 
part of homogeneous caseous material and in part of tubercles in emphysema- 
tous lung tissue. At the anterior margin of the lobe below the pleura there is a 
firm, largely caseous mass, 1.5 x 1cm. At the hilum of the lung, in contact 
with the left bronchus, there is a large caseous lymph node, 3x2cm. In the 
right upper lobe and in an adjacent lymph node there are several caseous foci. 
Numerous tuberculous lymph nodes are said to have been found in the 


mesentery. 
Diagnosis: Pulmonary tuberculosis of infantile type with caseous tubercu- 


losis of adjacent lymph nodes. 


In all of these instances of pulmonary tuberculosis the lesion had its 
origin in the lower lobes of the lungs and the apices were either not 
involved or they contained inconspicuous lesions. In three instances 
there was tuberculous pneumonia widespread throughout the lungs, 
with massive tuberculosis of tracheobronchial lymph nodes. In the 
fourth case the disease had made little progress in the lung, but there was 
massive tuberculosis of the tracheobronchial lymph nodes and death 
ensued from acute miliary tuberculosis. In the fifth instance the 
lesions in the lungs and lymph nodes were similar to those seen in the 
other four, but there were also caseous lymph nodes in the mesentery; 
the relation of the pulmonary and mesenteric lesions is uncertain. 

During the course of a study of active and latent tuberculosis in Ameri- 
can Negroes made in the United States (loc. cit. (5))pulmonary tubercu- 
losis of the right lower lobe, massive tuberculosis of adjacent lymph 
nodes and general miliary tuberculosis were found in a colored woman 
aged 26 years. The disease was almost identical in origin and progress 
with that in the patient A. F. 
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In all of the Jamaican autopsies reported above and in those just cited 
careful dissection failed to reveal any scars of preceding tuberculosis and 
the lesions of lungs and lymph nodes had all of the characters of first 
infections seen in very young infants and in experimental animals. 

There is no consensus of opinion concerning the factors that determine 
the localization of the usual type of adult tuberculosis in the apices of 
the lungs. The foregoing instances show that the disease may arise 
elsewhere in adults who are unusually susceptible to it. It is probable 
that with increasing age physiological changes render the lower parts of 
the lungs more resistant than the apices. These parts seem to resist 
infection in previously infected persons, but may succumb in adults who 
are unprotected by a former infection. In young children infection may 
find lodgment in the apex of the lung but not more often than in other 
parts of the organ. 

An instance of the childhood type of first infection limited to the apex 
in an American Negro has been described by the writer (Joc. cit (5)). 
In the left lung of a man aged 28 years there was a consolidated area, 
almost wholly caseous, 2 x 2 cm., on the surface of the apex extending in 
wedge-shaped form into the lung substance. The infantile character 
of the lesion was indicated by a chain of caseous lymph nodes beginning 
in the parenchyma of the left upper lobe and extending along the left 
bronchus. There was a psoas abscess and finally general miliary 
tuberculosis. 

In the following instance tuberculosis which has evidently arisen near 
the apex of the lung and is not accompanied by an older lesion must be 
regarded as a first infection because the adjacent lymph nodes are 
caseous. 


Apical Tuberculosis with Caseation of Adjacent Lymph Nodes in an Adult 


A. H., a woman, brown, aged 26 years at death, had been in the Lunatic Asy- 
lum during 4 years. She is said to have had pellagra 5 months before her 
death. 

Autopsy: Adhesions bind the left upper lobe to the parietal pleura. At the 
apex of the lobe (figure 6) there is a spherical cavity, 4 cm. across, separated 
from the pleura by a ragged caseous wall from 3 to 5 cm. in thickness. The 
remainder of the lung is studded with conglomerate tubercles from 2 to 15 
mm. in diameter. A lymph node at the hilum of the lung, 1.4 cm. across, is 
almost wholly caseous. Above the left bronchus there are two similar lymph 
nodes and at the right of the trachea there is a chain of enlarged, partly caseous 
lymph nodes. The pleura of the extreme apex is adherent to the parietal 
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pleura. The right upper lobe is in large part consolidated by conglomerate 
tubercles, and areas of caseous pneumonia, from 0.5 to 2 cm. across, occupy 
about two-thirds of the cut section. There are several small cavities with soft 
ragged lining. Some gray fibrous strands are seen in the apex of the lung. 
Scattered conglomerate tubercles are seen in the middle and lower lobes. 

Diagnosis: Pulmonary tuberculosis, most advanced at the left apex, with 
caseous tuberculosis of adjacent lymph nodes. Tuberculous bronchopneu- 
monia and conglomerate tubercles in other parts of the lung. 


Tuberculosis beginning at the left apex is accompanied by caseous tu- 
berculous lesions of lymph nodes extending in a chain from the adjacent 
hilum, along the left bronchus to the right of the trachea. The pul- 
monary lesion has proceeded slowly with cavity-formation. 

In the two autopsies that follow pulmonary tuberculosis which had 
presumably arisen in the apex had characters both of the infantile and 
adult lesions. 


Acute Tuberculous Pneumonia, Most Advanced at Left A pex with Scant Caseation 
of Adjacent Lymph Nodes; Encapsulated Tubercles of Middle 
Lobe of Right Lung 


H. G., black, male, aged 34 years, was admitted to the Lunatic Asylum Novem- 
ber 7, 1927 and died April 13, 1928. 

Autopsy: The upper lobe of the left lung (figure 7), which is more extensively 
involved than the right, is largely consolidated, but there is air-containing 
tissue at the upper and anterior part of the median aspect of the lung. The 
consolidated tissue is in part pinkish gray, in part caseous, and there is no 
formation of fibrous tissue. Tubercles occur in groups at the margin of the 
pneumonic area. In the posterior part of the upper lobe, immediately below 
the pleura, there is a ragged cavity, 7 x 5 cm., with soft caseous wall. In the 
left lower lobe there is a similar smaller area of consolidation containing a 
cavity, and elsewhere in the lung there are groups of caseous tubercles. There 
is no massive caseation of the lymph nodes at the hilum of the left lung, which 
are pigmented black and measure from 1 to 2 cm. across, but they contain 
small caseous spots. Below the left bronchus there is a large lymphoid mass, 
3 x 1.3 cm., in which there are nodules 3 cm. in diameter, in part opaque and 
caseous. The external and posterior part of the right apex is occupied by case- 
ous areas of consolidation, 4 x 5 cm., within which there is a cavity 2.5 cm. 
across with necrotic wall and below which there is a smaller area of caseous 
pneumonia. Beneath the pleura of the external aspect of the middle lobe 
there is a small nodule, 4 mm. across, with soft caseous centre and a fibrous 
capsule, 0.5 cm. in thickness. A lymph node at the hilum of the upper lobe 
contains nodules from 1 to 1.5 mm. in diameter with caseous centres. 
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Diagnosis: Acute tuberculous pneumonia at apices of both lungs with 
cavity formation; caseous tubercles of bronchial lymph nodes; encapsulated 
caseous nodule in right middle lobe. 


Fics. 6 To 9 


Tuberculosis with Cavity-Formation at the Left Apex; Scant Caseation of Adjacent 
Lymph Nodes; Encapsulated Tubercles in Lymph Nodes on the Opposite 
Side 


F. W., a woman, black, aged 40 years at the time of death, was admitted to the 
Lunatic Asylum from Southfield in the parish of St. Elizabeth, one year and 
10 months before her death. She is known to have had pulmonary tubercu- 
losis for one year and 6 months. 

Autopsy: Both lungs are adherent to the chest-wall. In the upper and pos- 
terior part of the left upper lobe (figure 8) there is a large cavity, 10 x 7 cm., 
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with ragged necrotic lining, the remainder of lobe being almost homogeneously 
consolidated and caseous. The lower lobe contains thickly scattered areas of 
tuberculous bronchopneumonia. At the hilum of the lung there is a mass of 
hyperplastic lymph nodes, 2.5 x 2 cm., pigmented black with patches of gray- 
white color, which in a few places are opaque and evidently caseous. Below 
the left bronchus is a mass of pigmented lymph nodes, which contain patches 
of caseation in their peripheral part. Similar lymph nodes with inconspicuous 
patches of caseation occur on either side of the trachea. Throughout the 
right lung there are patches of tuberculous bronchopneumonia, largest near 
the apex. At the hilum of the upper lobe there is a black lymph node, con- 
taining a conspicuous soft yellowish-white focus of caseation surrounded by a 
fibrous capsule less than 0.5 mm. in thickness. A second smaller encapsulated 
focus of caseation is found in an adjacent lymph node above the right 
bronchus. 

Diagnosis: Pulmonary tuberculosis with cavity-formation at the left apex; 
hyperplasia with caseation of adjacent lymph nodes; encapsulated caseous 
foci in lymph nodes at hilum of right lung. 


In these two adults pulmonary tuberculosis with cavity-formation 
has had its origin at the apex of lung. The adjacent lymph nodes have 
undergone hyperplasia and some caseation, but the caseation has not 
the massive character usually seen with the infantile type of tuberculosis. 
The small encapsulated tubercles found in the lung substance or in the 
lymph nodes may represent an infection preceding that at the left apex, 
but it is by no means improbable that this lesion arose simultaneously 
with or immediately before that which caused death. The resistance 
produced by its presence, though perhaps appreciable, was slight. 

The following is an instance of the adult type of pulmonary tubercu- 
losis occurring in a colored woman. The lesion of the lung, unaccom- 
panied by caseation of adjacent lymph nodes, has the characters of tu- 
berculosis produced by reinfection and is accompanied by encapsulated 
tubercles in the opposite lung and in lymph nodes adjacent to them. 


Pulmonary Tuberculosis of Adult Type; Lesion of Preéxisting Infection in 
Lymph Nodes 


I. G., woman, brown, aged 21 years, was born in Kingston and had lived there 
all her life. When she applied to the dispensary, November 1, 1928, she had 
been sick 6 months; her sputum contained tubercle bacilli (Gaffky I). She 
died February 20, 1929, after an illness of 7 months. 

Autopsy: The left upper lobe (figure 9) is occupied by a large cavity lined 
by caseous material. Blood-vessels, dissected free, cross the cavity. The 
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remainder of the upper lobe and the greater part of the lower lobe are consoli- 
dated and caseous, but the basal part of the lung, in which there are scattered 
tubercles, is air-containing. In the upper lobe and the upper part of the lower 
lobe there are numerous conglomerate tubercles. In the posterior part of the 
upper lobe there is a conspicuous area, 2 cm. across, where discrete tubercles, 
from 1 to 1.5 mm. in diameter, are closely grouped together. At the hilum 
of the upper lobe there is a lymph node containing a nodule, 2.5 mm. across, 
with conspicuous opaque white caseous centre and fibrous capsule. Two adja- 
cent lymph nodes contain similar but smaller encapsulated nodules. Below 
the bifurcation of the trachea there is a lymphoid mass, 3 x 3 x 1 cm., in part 
pigmented black with conspicuous gray white hyperplastic areas. 

Diagnosis: Pulmonary tuberculosis with cavity-formation at the left apex; 
encapsulated tubercles in lymph nodes at right hilum. 


Pulmonary tuberculosis of adult type has here had its origin at the 
left apex; there is hyperplasia but no caseation of adjacent lymph nodes. 
Evidence of a preéxisting tuberculosis is found in lymph nodes at the 
hilum of the right lung (encapsulated caseous tubercles) and perhaps in 
the substance of the right upper lobe (circumscribed group of discrete 
tubercles). 

There are available no statistics that will determine the frequency with 
which the childhood type of tuberculosis causes fatal disease in white 
adults. Autopsies made on those who die from pulmonary tuberculosis 
in cities of Europe and the United States show that it is uncommon. 
In a series of autopsies made in St. Louis there were two instances in 
which fatal acute miliary tuberculosis was associated with the childhood 
type of pulmonary tuberculosis. In this series there were 19 cases of 
fatal pulmonary tuberculosis of the usual adult type, but these figures 


do not represent the incidence of the two types, for the hospital in which 


the observations were made seldom knowingly admitted chronic pulmo- 
nary tuberculosis. Dr. F. R. Everett? at the Philadelphia General Hos- 
pital, which admits all kinds of tuberculosis, found one instance of the 
childhood type of pulmonary tuberculosis in 20 autopsies performed on 
white adults who had died from pulmonary tuberculosis. In 9 autopsies 
on adult Jamaicans who died from pulmonary tuberculosis typical 
childhood tuberculosis was found 4 times, the childhood type arising in 
the apex once, what was apparently a transitional type, twice, and typical 
adult tuberculosis of the lungs, once. 

In the study of the pathology of tuberculosis in American Negroes 


2 Unpublished observations. 
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cited above (5) there were found two instances of widespread progres- 
sive tuberculosis of lymphatic nodes that had pursued a chronic course. 
In one instance, in a woman aged 35 years, the disease appears to have 
had its origin in the lungs and peribronchial lymph nodes but in the other 
instance, in a man aged 30 years, with cervical adenitis, the origin of 
the disease was obscure. In one autopsy made in Jamaica similar le- 
sions were found. 


Progressive Fibrocaseous Tuberculosis of Lymph Nodes 


C. B., black, male, aged 27 years, was admitted to the Lunatic Asylum October 
5, 1925, and died May 4, 1928. 

Autopsy: The pleura of the right lung is thickened and in many places bound 
to the parietal pleura. A considerable part of the right lower lobe has been 
cut away and is not available for examination. At the hilum of the right lung 
there are numerous enlarged lymph nodes, of which the largest are from 1.5 
to 2.5 cm. across. They are firm, in part deeply pigmented and fibrous, and 
in part caseous. Several lymph nodes, of which the largest is about 2 cm. 
across, are partially caseous and contain hard calcified particles. There is a 
large fibrous and anthracotic lymph node, in great part caseous, below the 
bifurcation of the trachea and similar nodes form a mass on the right of the 
trachea. The heart is bound to the parietal pericardium by a mass of partly 
fibrous and partly caseous tissue, from 0.5 to 1 cm. in thickness. A mass of 
similar tissue over the auriculoventricular ring is in intimate contact with the 
mass of caseous lymph nodes at the right of the trachea below its bifurcation. 

Diagnosis: Progressive fibrocaseous tuberculosis of tracheobronchial lymph 
nodes with calcification in places; tuberculous pericarditis in contact with 
tuberculous lymph nodes. 

The probable origin of the tuberculous lesions could not be determined. A 
considerable part of the right lower lobe, perhaps bound to chest-wall or dia- 
phragm by dense adhesions had been cut away from the specimen and was not 
examined, 


The progressive character of the disease in this as in the two instances 
in American Negroes is shown by the involvement of cervical, thoracic and 
abdominal lymph nodes. The chronic character of the lesion is conspicu- 
ous in the case just described and in one of the two quoted above, and 
was indicated by abundant formation of fibrous tissue within the lymph 
nodes and calcification of caseous material in some places even though 
the disease was progressive elsewhere. 


The small group of autopsies made on persons of the Negro race in 
Jamaica have been described because they furnish anatomical evidence 
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of the acute character of the pulmonary tuberculosis prevalent in 
Jamaica. 

Observations made on dispensary patients have shown that the aver- 
age duration of the disease there as elsewhere varies with the age at death. 
Between the ages of 15 and 30 years, it varies in different 5-year periods, 
from 8.5 to 9.5 months, whereas for white patients who died from the 
disease in Philadelphia the corresponding figures are from 25.5 to 29.9 
months. 

The duration of the disease in those who die from tuberculosis in 
Jamaica is less than 8 months in 42 per cent of our patients and in over 
half of these less than 6 months. In an approximately equal group 
of patients, namely, 43 per cent of those who died, illness lasted from 
8 months to one year and a half, and in a much smaller number, namely, 
15 per cent, the duration of illness has been greater. Among an equal 
number of white patients in Philadelphia the duration of the disease in 
most instances exceeds one and a half years, the greatest number of 
patients dying after 3 to 5 years. 

Of the nine instances of pulmonary tuberculosis in Jamaican adults 
five (figures 1 to 5) had the characters of the disease usually seen in white 
infants or young children and seldom found in white adults. They were 
typical examples of first infection with tuberculosis. The remaining 
four instances of pulmonary tuberculosis in Jamaican adults apparently 
had their origin in the apices of the lungs and in this respect resembled 
the tuberculosis of white adults. One of them (figure 6) was otherwise 
of the type of childhood and was apparently a first infection with tu- 
berculosis. In two instances (figures 7 and 8) changes in the lymph 
nodes were intermediate between those of the tuberculosis usually found 
in childhood and in adult life, and there were healing encapsulated tu- 
berculous nodules in lungs or lymph nodes. These have apparently 
developed shortly before or perhaps simultaneously with the progressive 
pulmonary disease that caused death. One instance (figure 9) was a 
typical example of reinfection with tuberculosis and had all of the charac- 
ters of the pulmonary tuberculosis usually seen in white adults. 
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THE INCIDENCE OF TUBERCULOUS INFECTION IN 
SCHOOL CHILDREN 


HENRY D. CHADWICK AND DAVID ZACKS 


The Department of Public Health of Massachusetts began, in 1924, 
a ten-year program for the examination of the school children of the 
State. The purpose of this work was to find those children who had the 
primary or juvenile form of tuberculosis, and, by treatment and super- 
vision, increase their resistance to such an extent that the secondary or 
pulmonary form would not develop in later years. This study is based 
on 42,071 children examined and given the Pirquet tuberculin test during 
a period of three years. 

Since the study of the cases examined during the first three years in 
the Massachusetts clinics, two more years’ work has been completed. 
During these five years 101,118 children have been examined, given a 
Pirquet tuberculin test, and the positive reactors have been X-rayed. 
The percentage of reactors has varied but little each year as shown by 
the following table: 


Number Per cent 
examined reactors 


29 
29 
27 
28 
29 


101,118 28 


1st year 
2nd year 
3rd year 


Examinations have been held in all but two cities and in most of the 
towns of the state. The percentage of reactors found, therefore, repre- 
sents a fair cross-section of the school children from five to fifteen years of 
age. There was often a wide variation in the number of reactors in 
different communities and in different school-districts of the same city, 
but when as many as 10,000 children were tabulated, regardless of loca- 
tion, the ratio of reactors was invariably found to approximate 28 per 
cent. 

The relations of infection to age, to nationality and sex and to history 
of contact are considered in this paper. In 1927 the authors published a 
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study of 25,000 children, in which the relation of nutrition to infection 
was featured. It was found that the percentage of positive reactions to 
the tuberculin test is practically the same, whether a child is overweight, 
average weight or underweight. Therefore, the relation of infection to 
nutrition has not been included in this study. 

In the same paper it was shown that boys and girls of similar age-groups 
had about the same degree of infection, and, therefore, that has not been 
tabulated again. The number of children subjected to the tuberculin 
test in each age-group is large enough to furnish accurate information as 
to the prevalence of tuberculous infection. This is important, as with a 
small group the inclusion of more than the average number of contacts 
would show an abnormal percentage of reactors and would not provide 
an accurate measure of the incidence of infection in the population at 
large. Other factors, such as poverty and the associated crowded living 
conditions, lead to more intimate contact with bacillus-carriers and so 
influence the percentage of reactors to a noticeable degree. 

In one city of 60,000 population, 7,312 children were examined. This 
city is divided roughly into several natural geographical divisions, quite 
separated from each other. There is the granite-quarry section, the 
shipbuilding section, the residential sections, the business section, and a 
section projecting out into the Atlantic, making one point of a deep bay. 

The percentage of reactors in the 18 elementary school-districts of this 
city shows a surprising variation. In four districts of the quarry section, 
the percentage of reactors runs from 48 to 60 per cent. One quarry-dis- 
trict school of similar grade, however, was a distinct exception, in that 
the percentage of reactors was but 16. No valid explanation can be 
made for this variation. The quarrymen are largely Scandinavians and 
Italians, and among them many deaths from tuberculosis have occurred. 

In the isolated district almost surrounded by water, the percentage of 
reactors was also high, —56. There isa cosmopolitan population, work 
is inconstant, and the living conditions are much below the standard 
that prevails in other parts of the city. Several of the school-districts 
in other sections of the city had as low as 11, 14 and 16 per cent reactors. 
The 7,312 children in the whole city showed 28 per cent reactors. 

The results in this community illustrate in a graphic way the fallacy 
of depending on the statistics of infection when they are obtained from 
the study of a few hundred children or a group in any one small section 
of a city. Living conditions or an occupation predisposing to tuberculo- 
sis have a marked influence on the spread of infection. 
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The three junior high-schools had 22, 26 and 26 per cent reactors, 
respectively. It is an interesting fact to find 8 schools with children in 


TABLE 1 
The relation of positive Pirquet tests for age 


AGE 


5 6 7 11 12 13 14 15 


Number examined 902|2, 52513 789/3, 168]1 ,920 
Number positive......| 188} 511) 666 
Per cent..............] 20.8] 20.2] 22.2} 23.9] 24.4] 27.9] 28.6] 30.4] 34.4] 33.3] 34.6 


TABLE 2 
Relation of the tuberculin test to nationality, contact and noncontact 


PERCENT- 
AGE OF 
NON- 
CONTACT 
REACTORS 


NUMBER | PERCENT- NUMBER 
OF AGE OF OF NON- 

CONTACT | CONTACT CONTACT 

REACTORS|/ REACTORS REACTORS 


NATIONALITY 


86} 38.5 371} 22.8 
240} 47.9 565} 21.4 
370} 48.3 1,035} 23.3 
1,247} 50.3 24.4 

243) 56.9 24.5 
Canadians 457| 52.9 25.2 
Teutons 55] 73.3 24.0 
Scandinavians 47.1 28.0 
55.9 215 


TABLE 3 
Relation of the tuberculin test to nationality 


PERCENTAGE OF 
CONTACTS IN 
NUMBER TESTED 


NUMBER PERCENTAGE 
TESTED OF REACTORS 


1,846 24.7 12.0 
25.6 15.9 
27.0 14.7 
27.6 12.4 
28.1 
29.8 16.7 
Teutons 30.0 12.3 
Scandinavians 30.6 13.6 
32.8 19.0 


grades I to VI having a much higher percentage of reactors than the 
older children in grades VIII and IX found in the junior high-schools. 
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Furthermore, the percentage of reactors in these junior high-schools was 
lower than the average percentage of reactors in the city as a whole. 
In the Teutonic group we included the children of mothers born in 


Germany and Austria. 
TABLE 4 
Positive Pirquet tests for sex and nationality 


BOYS GIRLS 


NATIONALITY Percent- Percent- 


Number | age of age of 
reactors reactors 


English and Scotch 773) 24.1 25.1 
Italians 1,054) 26.5 25.4 
1,936) 28.6 26.0 
8,405) 27.9 27.4 
1,525) 31.8 25.7 
1,757| 35.8 23.8 
230} 38.2 25.1 
439} 29.6 31.1 
546} 32.9 32.7 


TABLE 5 
Framingham Demonstration and State Clinic compared 
Percentage of reactors for age 


AGE 


4-5 


Framingham Demonstration: 
Number examined........... 79 
Number reactors 21 

27 


State Clinic: 
Number examined...........| 3 


4 21) 41 61| 75| 66} 63} 64] 40) 25 
Number reactors 0; 0 
0 


12 
0} 3) 13 13} 19} 14) 18) 20) 13) 7 
0 


0 14) 31 25} 21) 28) 31) 32) 28 


Demonstration Average Per cent 33.3 Average Age 4.7 years 
State Clinic Average Per cent 24.8 Average Age 10.4 years 


In the Latin group we included children of mothers born in France and 
Portugal. 


i 

TOTAL 

Percent- 

Number | age of 

reactors il 

1,846| 24.7 i 

3,134) 25.6 

5,196) 27.0 i 

19,880) 27.6 

3,824, 28.1 

5,163} 29.8 

608} 30.0 

1,038} 30.6 i 

1,382} 32.8 i 

= TOTAL 

_| EXAM- 

1-2 2-3 3-4 = 5-6 6-7 TNED | 
77 94 | 460 

40 43 

52 54 

AGE 

3 4/15 8 | 9 | 10] 11] 12] 13 | 14) 15 
§20 i 


7 


630 HENRY D. CHADWICK AND DAVID ZACKS 


The French Canadians are included in the Canadian group. 

A study of the appended tables shows no marked variation in the num- 
ber of reactors in the children of the different nationalities when there 
was no history of contact. The tubercle bacillus apparently attacks the 
children of different nationalities without predilection for any one. It is 
not any peculiar susceptibility but opportunity for infection that is 
important. 

This study also shows that approximately twice the number of children 
react to the tuberculin test when there is a history of exposure to acase 
of pulmonary tuberculosis. The Teutonic group showed three times 


GRAPH NO. I. 
POSITIVE VON PIRQUET BY AGE. 


Age 
& 


Percent Positive at 


10 12 is 


as many reactors in the contacts. The Teutonic noncontact group, 
numbering 533, showed only the average number of reactors. 

The percentage of acknowledged contacts in each group runs from 
11 to 19. The Latin group has the highest percentage of contacts and 
has the highest percentage of infections. Whenever the percentage of 
contacts in a single group exceeds the average for all groups, then the 
percentage of reactors will be correpondingly increased, irrespective of 
nationality. 

The notable difference in the number of reactors in the two sexes for 
three groups makes an interesting puzzle and one that cannot be satis- 
factorily explained. One can only wonder why the Irish, Canadian and 
German boys should show a much higher incidence of infection than the 
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girls of the same nationalities. The groups examined are large, except 
in the Teutons, and that is over 600. This should eliminate the factor of 
chance inclusion of more than the average number of contacts. 


GRAPH NO. II. 
REACTORS BY NATIVITY OF MOTHER. 


feutons Irish Latins Cana- Ameri- Russian Ital= Socandi- sh 
dians cons tans naviens go 


The reactors among the boys exceed the girl reactors by more than 
24 per cent in the Irish group, 50 per cent in the Canadian group and 
52 per cent in the Teutons. The percentage of reactors in the two sexes 
in other national groups studied is approximately the same. 

In any study of the prevalence of tuberculosis, it is of interest and of 
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value to try to determine whether the degree of infection keeps pace with 
the declining death-rate. For this reason, we have compared the results 
of the tuberculin tests made by Dr. P. C. Bartlett for the Framingham 


GHAPH NO. III. 


POSITIVE VON PIRQUET BY SEX AND NATIONALITY. 


Demonstration in 1917 with those found by the State Clinic in the same 
town in 1926. 

The striking thing about this comparison is the marked reduction in 
tuberculous infection in Framingham after nine years of intensive anti- 
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tuberculosis and health work. Although the numbers studied are small, 
the downward trend of infection checks up with the substantial reduction 
in death-rate from tuberculosis in Framingham. 

To evaluate properly the reduction in reactors from 33.3 to 24.8 per 
cent, one must take into consideration the difference of about six years 
in average age in the two groups of children. All of the 1917 group were 
from one to seven years, while of the 1926 group only 81 were from three 
to seven years, and all the other 439 were from eight to fifteen years of 
age. 

Of the 81 children, three to seven years, in 1926, only 19.7 per cent 
reacted to the tuberculin test. Of the age-group three to seven, in 1917, 
393 children showed 43.9 per cent reactors. For the same age-group, 
the numbers are small, but the reduction in infection is so marked that 
it has significance. It contrasts a group of children living in the same 
town and under similar conditions. 

The tuberculin was supplied by the Saranac Lake Laboratory and the 
Pirquet method was used for both series. It would seem, therefore, that a 
substantial decrease in tuberculous infection had taken place in Framing- 
ham during the nine years following the initiation of the Community 
Health and Tuberculosis Demonstration by the National Tuberculosis 
Association in 1917. 


SUMMARY 


The ratio of reactors in the 42,000 children studied in this series shows 
a gradual trend upward from 21 per cent infections at age five, 28 per 
cent at age ten to 35 per cent at age fifteen. The average percentage 
for the whole group is 28. 

Different sections in the same city may show a wide variation in the 
percentage of reactors. It was found in one city of 60,000 that the 
number of children reacting to the tuberculin test in different school- 
districts varied from 11 to 60 per cent. 

The number of reactors increase with the opportunities that the child 
has for contact with bacillus-carriers. Chronic forms of pulmonary tuber- 
culosis, such as are found in granite-quarry workers, expose and infect 
more children than the more acute cases, who live a much shorter time 
after the disease becomes infectious. Crowded living conditions afford 
more opportunities for contact and congested areas show a higher per- 
centage of infection. Twice as many reactors are found among children 
with a history of direct contact with a case of pulmonary tuberculosis. 
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Another factor to be taken into account is bovine infection. In a 
few rural towns with a scattered population and less than the average 
number of pulmonary-tuberculosis deaths, we found as high as 38 per 
cent reactors. The majority of the small towns, however, show a little 
less than the average percentage for the State as a whole. 

Susceptibility to infection appears to be equal in different nationalities. 
The tubercle bacillus infects the children of different nationalities to an 
equal degree when similar conditions for contact with carriers are present. 

The boys of the Irish, Canadian and Teutonic groups in this series 
show a much higher incidence of infection than the girls, for which no 
explanation is offered. | 

The tuberculin survey made in 1917 by the Framingham Demonstra- 
tion and the one made in 1926 by the State Clinic for the same age-group, 
3 to 7 years, show a reduction of 24 percent. The children in the 1926 
group averaged 5.7 years older than those examined in 1917, but the 
percentage of reactors was 8.5 per cent less. While the numbers con- 
sidered in this comparison are small, the marked reduction in infection 
checks up with the reduced death-rate in Massachusetts for all forms of 
tuberculosis, which declined from 144 per 100,000 in 1917 to 73 in 1927. 

Three important factors have operated to bring about a reduction in 
the number of infected children: 

1. The steady decline in the death-rate results in fewer persons with 
tuberculosis at large in the community to spread infection. 

2. The State has a little more than one bed for each tuberculosis death 
in which to segregate cases of tuberculosis and so further reduce the foci 
of infection in the homes of these patients. 

3. Pasteurized milk is now available for about 60 per cent of the 
population of the State and by so much is the possibility of bovine infec- 
tion curtailed. 

The efforts made in the past to eradicate tuberculosis from the herds 
in this State have been sporadic and therefore ineffective. During the 
past year, however, a systematic plan for area-testing has been put into 
effect, which promises better results. This plan deserves the hearty 
support of the public. 

The sources of tubercle bacilli, both human and bovine, being thus 
decreased must result in fewer persons being exposed to infection. 
Therefore, we should expect to find a reduction in the number of reactors. 
Such indeed seems to be demonstrated by our survey. 

The tuberculin survey herein reported will afford a basis by which to 
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measure the incidence of infection when comparable studies are made in 
future years. 

Tuberculous infection is no longer universal in Massachusetts. The 
increase in infection from five years to fifteen years averages one point 
per year. Granting that the same rate continued, the children now 
fifteen years of age would show but 50 per cent infection when thirty 
years old. A tuberculin test of a large group of adults might show that 
to be the maximum percentage of infection even now. 

With the marked decrease in the number of infected persons, tubercu- 
lin tests become of diagnostic value in young adults, as well as in young 
children. If intracutaneous tests are made with increasing doses of 
tuberculin, beginning with 0.01 mgm., then with 1 mgm., and finally 
with 10 mgm., without reaction, tuberculosis can be excluded in many 
persons suspected of having that disease. In such cases, a negative test 
is of great value. 


We take this opportunity of thanking Dr. Paul Doering, Statistical Consultant, and Miss 
Catherine Crean for valuable aid in collecting statistical data. 
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AN ATTEMPT TO INFLUENCE THE GROWTH OF THE 
TUBERCLE BACILLUS IN THE ANIMAL BODY 
BY MODIFYING THE CONCENTRATION 
OF A GROWTH-PROMOTING SUB- 
STANCE (GLYCEROL) IN 
THE TISSUES’ 


ESMOND R. LONG anp ARTHUR J. VORWALD 


Although the nutrition and growth requirements of the tubercle bacil- 
lus have been extensively investigated in artificial culture on laboratory 
media, there has been little attempt to apply the facts learned to the 
growth and multiplication of tubercle bacilli in the animal body. The 
chemical necessities for maximum laboratory growth are now well known, 
and it is possible to modify the speed and extent of artificial growth by 
raising or depressing these constituents in the medium. The question 
naturally arises if a similar variance in the concentration of substances 
important for growth may not occur in the animal body, and be respon- 
sible for corresponding varying native susceptibility or insusceptibility 
in individuals and different animal species. 

The chemical necessities for rapid laboratory culture are (1) water; 
(2) a free supply of oxygen; (3) a simple source of nitrogen with avail- 
ability of the NH: group (as in an ammonium salt, an amino acid or an 
acid amide); (4) a source of carbon, of which free glycerol is by far the 
most favorable; (5) phosphorus, preferably as a salt of phosphoric acid; 
and (6) certain other inorganic ions, of which potassium, magnesium and 
the sulphate radical seem the most important. In addition, the reac- 
tion of the medium of growth must lie between pH 6.5 and 7.8, the tem- 
perature must be in the neighborhood of 37-38°C., and there should be a 
small amount of free carbon dioxide present for initial stimulation, ac- 
cording to several investigators. Excessive concentration of any of 
these substances is inhibitory. 


1 From the Department of Pathology of the University of Chicago, Chicago, Illinois. 

2 Aided by a grant from the National Tuberculosis Association. Presented at a session 
of the Pathological Section at the twenty-sixth annual meeting of the National Tuberculosis 
Association, Memphis, Tennessee, May 9, 1930. 
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Most of these growth requirements are readily met in most animal 
bodies. ‘The temperature of a warm-blooded animal is favorable, and in 
the great majority of tissues the reaction is suitable for growth. Varia- 
tions in the concentration of oxygen and carbon dioxide do occur, and 
may be responsible for a varying susceptibility of different tissues to 
tuberculosis (1). Presumably water is always readily available, although 
modern investigations on free and bound water suggest that direct in- 
vestigation of the availability of water in certain tissues and cells is 
desirable. It has always been supposed that nitrogen is ordinarily 
available in suitable form and amount for the growth of the tubercle 
bacillus in the fluids of animal tissues, although recently this view has 
been questioned (2). A good deal of the nonprotein nitrogen in these 
fluids is in a chemical state permitting immediate utilization by this mi- 
crodrganism. The indispensable inorganic ions, also, are all present in 
sufficient quantity. 

This leaves glycerol for further consideration. Unfortunately very 
little is known about the amount of free glycerol in animal bodies. A 
large amount of bound glycerol is, obviously, always present in the neu- 
tral fats of the body. Some glycerol, directly proportional to the amount 
of neutral fat ingested, enters the animal body each day with the food on 
all ordinary diets. The neutral fat taken into the alimentary tract 
appears to be, for the most part, split into its constituent parts, free gly- 
cerol and fatty acid, before passage through the intestinal mucosa, and 
these parts seem to be largely synthesized back into neutral fat in the 
course of passage through the bowel wall. 

Such neutral fat as is not stored in the fat depots of the body is prob- 
ably again split into glycerol and fatty acids before oxidation. As a 
result of this process it might be expected that some free gycerol would 
be present in the blood- or lymph-stream at all times in an animal on a 
diet containing fat. The concentration would presumably be highest in 
an individual or animal with little tendency to lay up fat, but on a diet 
containing much fatty material. Moreover in an animal burning its 
previously stored body fat at a rate exceeding its restoration from ali- 
mentary intake, glycerol might be expected to be free in the blood- and 
lymph-stream. 

Unfortunately we have no direct information on the amount of free 
glycerol in the body fluids or tissues under any circumstances. The 
present chemical methods for determining this substance quantitatively, 
while suitable for pure solutions in water, are too crude for the complex 
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conditions of animal fluids and tissues. It is known, however, that the 
amount present does not pass certain limits, and these limits are below 
the minimum requirements for the growth of the tubercle bacillus in the 
animal body. The lowest concentration of glycerol permitting labora- 
tory growth of the tubercle bacillus, where no other readily available 
carbon is present, is about 0.5 per cent (3). Such analyses as have been 
made in this laboratory seem to indicate that this concentration is not 
reached in human, beef and dog blood. 

It is probable, however, that the glycerol requirement for growth of 
the tubercle bacillus in an animal body could be met, even if the concen- 
tration in the infected tissue were less than this minimal amount, if a 
continual stream of glycerol, of even a very low concentration, were 
supplied. That is, lymph at the periphery of a tubercle might give up 
its minute concentration of glycerol as it slowly streamed by, and in this 
way furnish within the multiplication time of the tubercle bacillus an 
amount comparable with that necessary for growth in a static laboratory 
medium. The higher the concentration in the lymph, presumably the 
more rapidly it would diffuse into the tubercle. Although direct evi- 
dence is still lacking, it is reasonable to believe that free glycerol in animal 
tissues plays a part in the growth of the tubercle bacillus im vivo com- 
parable to its important réle in vitro. 

With this point of view we have investigated the effect of raising the 
intake of free glycerol on the rate of spread of tuberculosis in the animal 
body. We have also made an attempt to depress the amount of free 
glycerol present in the tissues and body fluids of an experimental animal 
by a method which seems to us logical for this purpose. This was by 
feeding the largest possible amount of a fatty acid. The theory of this 
procedure is as follows: The hydrolysis of neutral fat in the animal body 
is a reversible reaction. According to the law of mass action, increasing 
the concentration of either product of decomposition, in a reversible 
reaction of this sort, will decrease the amount of the other by increasing 
the speed of the reaction in the direction of synthesis. In chemical 
terms: 

Neutral fat = glycerol + fatty acid. 


Increasing the concentration of either component on the right tends to 
force the reaction to the left to a new point of equilibrium. It seemed to 
us probable that feeding large quantities of fatty acid to an animal might 
force the synthesis of any free glycerol into neutral fat, which is not 
suitable for the growth of the tubercle bacillus. 
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For the first experiment, increasing the glycerol available, we chose 
an animal subject to a slowly progressive tuberculosis, namely, the 
white rat. Rats in two series were infected intravenously with a stand- 
ard dose (0.1 mgm.) of human-type tubercle bacilli (H37) per kilogram 
weight. One-half were kept as controls and the rest injected or fed with 
as much glycerol as they would tolerate. At varying intervals control 
and treated animals were killed, and a histological examination was made 
of the lungs, this one organ being selected for the comparisons throughout 
the whole investigation. 

For the second experiment, the attempt to depress the glycerol avail- 
able, an animal subject to a rapidly developing tuberculosis was chosen, 
namely, the guinea pig. Guinea pigs in four series were infected intra- 
venously with a standard dose (0.1 mgm.) of human-type tubercle bacilli 
(H37) per kilogram weight. Approximately half were kept as controls 
and the rest treated with fatty acid. Palmitic acid was selected as the 
fatty acid easiest to administer and most likely to be tolerated. At 
first it was hoped that it might be possible to inject the fatty acid in the 
form of a fine emulsion. The purpose of this method of administration 
was to stimulate the same sort of phagocytic cell which is likely to ingest 
tubercle bacilli, to take up fine particles of the fatty acid. This was in 
the light of the emphasis by White (4) and Sabin and her colleagues (5) 
on the monocyte as a host for the growth of the tubercle bacillus. If 
fatty acid could be made to accumulate in cells ordinarily supporting 
bacillary growth, it seemed possible, according to the theory outlined 
above, that it might there inhibit the growth of bacilli by removing the 
free glycerol favorable to their maintenance from the cell contents. It 
proved impossible, however, to administer fatty acid successfully in this 
way, as the animals rapidly died off on intraperitoneal or intravenous 
injection. Accordingly we resorted to feeding, in subsequent experi- 
ments, as indicated in the protocols. 

The results of these experiments are recorded in the following sum- 
maries and tables: 


SUMMARY OF RAT SERIES NO. I 


(See also Table I) 


All rats of this series were infected intravenously with 0.1 mgm. H37 
tubercle bacilli per kg. body weight August 8, 1928. 
Rat 1: Treated with glycerol. In the course of the weeks succeeding 
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infection this rat received increasing amounts of glycerol in increasing 
concentration in salt solution in a tail vein. From one to four injections, 
depending on the condition of the animal, were made daily. The total 
amounts injected at the various concentrations by volume were as fol- 
lows: 8 cc. of 2 per cent glycerol, 4 cc. of 3 per cent, 40 cc. of 3.5 per cent, 
13 cc. of 4 per cent, 53 cc. of 5 per cent, 11 cc. of 6 per cent, 40 cc. of 
6.5 per cent, 20 cc. of 7.5 per cent, 15 cc. of 8 per cent, 19 cc. of 10 per 
cent, 40 cc. of 11 per cent, 30 cc. of 12 per cent, 15 cc. of 15 per cent and 
5 cc. of 20 per cent. The total glycerol by weight was 30 gm. On 
September 14, 1928, 37 days after infection, the rat died following an 
injection of 3 cc. of 20 per cent glycerol. Tubercles were found present 
in the lungs in moderate number, and in them acid-fast bacilli were 
moderately numerous. 


TABLE I 
RAT SERIES I 
Effect of Glycerol 


No. Length Amt. of Extent of Bacilli 
of life glycerol. tuberculosis in lesions 


37 days 30 gms. @& As 
0 None found 
53 days 34 gms. 
" 0 


Rat. 2: Not treated. Control to no. 1. No glycerol was given. 
This rat was killed for comparison with rat 1 on September 14, 37 
days after infection. Distinct tubercles were not found in the lungs and 
no tubercle bacilli were seen on prolonged search. 

Rat. 3: Treated with glycerol. In the course of the weeks succeeding 
infection this rat also received through the tail vein increasing amounts 
of glycerol, just as in the case of rat 1. The total amount injected was 
34 gm. The rat was killed on October 1, 53 days after infection. Very 
many epithelioid and giant-cell tubercles were found in the lungs and 
acid-fast bacilli were numerous. 
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Rat 4: Not treated. Control tono.3. No glycerol was given. This 
rat was killed for comparison with rat 3 on October 1, 53 days after in- 
fection. Tubercles in the lungs were few, and smaller than in no. 3. 
Tubercle bacilli were found, but in smaller number than in no. 3. 

Rat 5: Nontuberculous control for effect of glycerol. This rat, a 
normal of the same lot as the others, was injected in the tail vein with 


TABLE II 
RAT SERIES II 
Effect of Glycerol 


No. Length Amt. of Extent of Bacilli 
of life glycerol tuberculosis. in lesions 


20 days 15 gms. 


38 days 


75 days 
" 


2 
2 
3 
4 
5 56 days 
6 
7 
8 
9 


168 days 


glycerol solution in increasing concentration for 53 days, when it was 
killed. No changes whatsoever could be found in the lungs which could 
be attributed to the glycerol treatment. 
SUMMARY OF RAT SERIES NO, II 
(See also Table II) 


All rats of this series were infected intravenously with 0.1 mgm. 
H37 tubercle bacilli per kg. body weight on November 7, 1928. 


| 
0 
20 gms. 
0 
36 gos, 
0 
45 gms. 
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Rat 1: Treated with glycerol. In the course of 20 days succeeding 
infection this rat received glycerol intravenously through a tail vein 
several times a day. The total amount injected was 15 gm. The rat 
died of pneumonia on November 27, 20 days after infection. Many 
small tubercles were found in the lungs, in which tubercle bacilli were 
numerous. 

Rat 2: Not treated. Control for no.1. This rat was killed Novem- 
ber 27, 20 days after infection for comparison with no. 1. Tubercles 
were fewer and smaller than in no. 1,and tubercle bacilli fewer, although 
visible in fair number. 

Rat 3: Treated with glycerol. In the course of 38 days following 
infection this rat received 20 gm. of glycerol intravenously. On Decem- 
ber 15 the rat died of pneumonia. Typical tubercles were not present 
in the lungs, but a diffuse outpouring of epithelioid cells, involving a large 
portion of the alveoli, was seen. In these cells acid-fast bacilli were very 
numerous. The bronchi were full of polymorphonuclear leucocytes 
and monocytes. The latter contained many tubercle bacilli, the former 
none. 

Rat 4: Not treated. Control for no. 3. This rat was killed on De- 
cember 15, 38 days after infection, for comparison with no. 3. Numer- 
ous small tubercles were found in the lungs, in which acid-fast bacilli 
were few and not deeply stained. 

Rat 5: Treated with glycerol. In the course of 56 days following 
infection this rat received 36 gm. of glycerol intravenously. It died on 
January 2, 1929. Many epithelioid tubercles were present in the lungs, 
and tubercle bacilli were numerous. 

Rat 6: Not treated. Control for no. 5. This rat was killed on Janu- 
ary 2, 1929, 56 days after infection, for comparison with no. 5. Tuber- 
cles and bacilli were fewer than in no. 5. 

Rat 7: Treated with glycerol. In the course of 73 days following 
infection this rat received 45 gm. of glycerol intravenously. This rat 
died on January 19, 1929. Many small tubercles were found in the 
lungs, in which acid-fast bacilli were very numerous. 

Rat 8: Not treated. Control forno 7. This rat was killed on Janu- 
ary 19, 73 days after infection, for comparison with no. 7. Tubercles 
were found in the lungs to about the same extent and of approximately 
the same size asinno.7. Acid-fast bacilli were, however, less numerous. 

Rat 9: Treated with glycerol. In the course of 168 days following 
infection this rat received 80 gm. of glycerol (49 cc. 10 per cent, 64 cc. 
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12 per cent, 44 cc. 14 per cent, 16 cc. 15 per cent, 40 cc. 16 per cent, 5 
cc. 18 per cent, 95 cc. 20 per cent and in the later weeks 56 cc. 15 per 
cent), several injections, as usual, being made on most days. Theanimal 
was killed on April 24, 1929, and the experiment of rat series II concluded. 
A ragged confluence of tubercles causing diffuse epithelioid-cell tubercu- 
lization of the lungs was found. Enormous numbers of acid-fast bacilli 
were found in the epithelioid cells. Many epithelioid and giant cells 
seemed crowded with bacilli to the maximum possible degree. 

Rat. 10: Not treated. Control for no. 9. This rat was killed on 
April 24, 1929, 168 days after infection, for comparison with no.9. A 
good many large tubercles were found in the lungs, in which acid-fast 
bacilli were numerous. The extent of tuberculization of the lungs and 
the number of tubercle bacilli present were both much less, however, 
than in rat 9. 

Summary of the Effect of Glycerol on the Development of Tuberculosis in 
Rats Infected with Tubercle Bacilli: In the first small series of four rats, 
two definite differences were found between the glycerol-treated and the 
nontreated animals, namely: (1) tuberculization of the lung proceeded 
more rapidly in the former, and (2) acid-fast bacilli, staining densely 
with fuchsin, were also more numerous in the treated animals. An iden- 
tical result was secured in a second series of 10 rats (five pairs consisting 
of one treated and one untreated rat). In one rat, which lived 168 days 
after infection and received a total of 80 gm. of glycerol, the apparent 
effect of the latter was prodigious. The extent of tuberculosis in this 
rat was much greater than in its untreated mate, and the intensity of 
bacillary growth surpassed anything we have ever seen in any tubercu- 
lous animal. The growth was frequently like the stupendous prolifera- 
tion reported by Maximow (6) in tissueculture. Itis noteworthy that the 
bacilli, no matter how large the colony, were always within the cytoplasm 
of monocytes and epithelioid cells, or their derivatives, the giant cells. 
The impression we gained was that glycerol, which is such an effective 
stimulator of growth in culture media, had here virtually reproduced 
laboratory conditions 7m vivo in that particular cell for which White 
and Sabin and her associates have claimed a special réle as a host for the 
tubercle bacillus. 


SUMMARY OF GUINEA PIG SERIES NO. I 


In this experiment a group of tuberculous guinea pigs were injected in- 
traperitoneally daily with an aqueous emulsion of palmitic acid, in the 
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hope that phagocytic cells would take up the colloidal particles of the 
fatty acid with resultant synthesis of their own free glycerol to neutral 
fat. A corresponding number of untreated tuberculous animals, infected 
with the same dose of tubercle bacilli at the same time, and maintained 
under identical living conditions, were kept as controls. This method 
of administration of the fatty acid, however, resulted in such metabolic 
derangement that the animals rapidly died off, and the experiment was 
closed. 


SUMMARY OF GUINEA PIG SERIES NO. II 


This experiment was defective from early loss and insufficient number 
of control animals. The treated animals also succumbed in a few weeks 
to intercurrent infection and gastrointestinal disturbance from the pal- 
mitic-acid treatment. The series remained of some interest, however, 
and is therefore reported. 

All guinea pigs of this series were infected intravenously through the 
external jugular vein with 0.1 mgm. H37 tubercle bacilli per kg. body 
weight, on July 27, 1928. 

Guinea Pig 1: Control animal. No palmitic acid. This animal was 
killed on August 7, 11 days after infection, because of secondary in- 
fection in the neck at the site of the intravenous injection. In the lungs 
a few minute aggregations of cells, probably early tubercles, were found. 
Polymorphonuclear leucocytes predominated in the centres of these 
areas, and large mononuclears were present, in much greater total num- 
ber, at the peripheries. There was no necrosis. Acid-fast bacilli could 
not be found. 

Guinea Pig 2: In the period after infection all food in the cage was 
smeared with palmitic acid. The animal died in cachexia on August 18, 
22 days after infection. Small early epithelioid tubercles were found in 
the lungs. There was no necrosis. Acid-fast bacilli were not found. 

Guinea Pig 3: All food in the cage was smeared with palmitic acid. 
The animal died in cachexia on August 18, 22 days after infection. No 
typical tubercles were found in the lungs, but there was a loose diffuse 
infiltration of the alveolar walls with monocytes, without obliteration of 
the alveolar lumina. No acid-fast bacilli were found. 

Guinea Pig 4: All food in the cage was smeared with palmitic acid. 
The animal died in cachexia on August 19, 23 days after infection. A 
very small number of epithelioid tubercles, without necrosis, and with 
an outlying ring of lymphocytes, were found. Monocytes were the 
predominant cell. Acid-fast bacilli were not found. 
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Guinea Pig 5: All food in the cage was smeared with palmitic acid. 
The animal died in cachexia on August 20, 24 days after infection. A 
few poorly defined regions of diffuse monocytic infiltration were found, 
in which acid-fast bacilli could not be demonstrated. 

Guinea Pig 6: All food in the cage was smeared with palmitic acid. 
The animal died in cachexia on August 25, 29 days after infection. A 
few monocytic aggregations, which appeared to be tubercles, were found 
in the perivascular lymphoid tissue, and a few small cellular aggregations 
were found in the lung parenchyma. Acid-fast bacilli were not found. 

Guinea Pig 7: All food in the cage was smeared with palmitic acid. 
The animal died in cachexia on August 31, 35 days after infection. A 
few epithelioid tubercles were found, in which acid-fast bacilli could not 
be demonstrated. 

Guinea Pig 8: All food up to August 24 was smeared with palmitic 
acid. The animal was killed on September 1, 36 days after infection. 
A considerable number of small epithelioid tubercles, with a lymphocytic 
and fibroblastic border were found through the lungs. Acid-fast bacilli 
could not be demonstrated. 

Guinea Pig 9: All food in the cage was smeared with palmitic acid. 
The animal was killed on September 1, 36 days after infection. A few 
loose monocytic infiltrations, but no typical epithelioid tubercles, were 
found. Acid-fast bacilli could not be demonstrated. 

Guinea Pig 10: Control animal. No palmitic acid. This animal was 
killed on September 1, 36 days after infection, for comparison with treated 
animals 8 and 9. A great many large nodular tubercles, two to five 
times the size of those present in no. 8, were found all through the lungs. 
These were distinctly of an epithelioid type, with central zones of necro- 
sis, and lacked the fibroblastic border characteristic of the tubercles in 
no. 9. Lymphocytes were few. Acid-fast bacilli were not found. 


SUMMARY OF GUINEA PIG SERIES NO. III 
(See also Table III) 


All guinea pigs of this series were infected intravenously through the 
external jugular vein with 0.1 mgm. H37 tubercle bacilli per kg. body 
weight on November 7, 1928. Palmitic acid was fed directly, 1 gm. in 
pill form being placed in the pharynx of the treated animals every other 
day or as often as the condition of the animal permitted. This method of 
administration proved very satisfactory. The animals swallowed the 
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fatty acid regularly, and the dose administered was known. Four 
pairs or sets of animals with suitable controls, survived for the purposes 
of the experiment. The animals dying before the lapse of five weeks 
after infection are not included in the following protocols. 

Guinea Pig 1: Received 19 gm. of palmitic acid after infection. This 
animal died of intercurrent infection on December 12, 35 days after in- 
oculation with tubercle bacilli. Numerous exudative consolidations of 


TABLE III 
GUINEA PIG SERIES III 
Effect of Palmitic Acid 


Length Amount of Extent of Bacilli 
of life palmitic acid tuberculosis in lesions 


35 days 19 gms. 

19 gms. 

0 None found 
20 gms. 

0 Z 
20 gms. 

0 None found 

0 

0 


4 
5 
6 
7 
8 
9 


the lungs were found, in which the alveoli were full of pycnotic polymor- 
phonuclear leucocytes and fibrin. A distinct diffuse monocytic infil- 
tration of the walls was seen. Deep-staining acid-fast bacilli were found 
in the monocytes in large number. 

*: Guinea Pig 2: Received 19 gm. of palmitic acid. This animal died 
December 12, 35 days after infection. Diffuse epithelioid-cell exuda- 
tions were found throughout the lungs, with poorly defined borders. 
Acid-fast bacilli were numerous in the large cells and deep staining. 
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Guinea Pig 3: Control animal. No palmitic acid. This guinea pig 
was killed December 12 for comparison with guinea pigs 1 and 2, 35 days 
after infection. Numerous tuberculous regions were found in the lungs, 
which were regularly twice as large as those present in guinea pig 1. 
The proportion of epithelioid cells was also higher than in no. 1, with 
extensive obliteration of the alveolar spaces by this type of cell. No 
fibrosis was seen. Acid-fast bacilli could not be found on prolonged 
search. 

Guinea Pig 4: Received 20 gm. of palmitic acid. This animal died 
December 14, 37 days after infection. Numerous tubercles were found 
in the lungs, smaller than those in guinea pig 3. The centres of these 
were necrotic. Polymorphonuclear leucocytes were numerous amid the 
necrotic debris. The outer zone was made up of monocytes in which 
tubercle bacilli were very numerous. 

Guinea Pig 5: Control animal. No palmitic acid. This guinea pig 
was killed December 14, 37 days after infection, for comparison with 
guinea pig 4. Extensive epithelioid infiltrations were found in the lungs, 
at least twice the size, on the average, of the tubercles in no. 4. The 
centres of these were necrotic, but polymorphonuclear leucocytes were 
few. Acid-fast bacilli were found in the epithelioid cells in moderate 
number, much less than in no. 4. 

Guinea Pig 6: Received 20 gm. of palmitic acid. This guinea pig 
died December 15, 38 days after infection. Loose epithelioid tubercles 
were present in the lungs, with fibroblastic tendency. There was no 
necrosis and polymorphonuclear leucocytes were few. Tubercle bacilli 
were present in the large mononuclear cells and deeply stained. 

Guinea Pig 7: Control animal. No palmitic acid. This guinea pig 
was killed December 15, 38 days after infection, for comparison with 
guinea pig 6. The extent of tuberculosis was about the same as in no. 
6, and the general character of the tubercles was the same, except that 
in no. 7 there was less fibrosis. Acid-fast bacilli were not found. 

Guinea Pig 8: Received 20 gm. palmitic acid. This guinea pig be- 
came cachectic and was killed, December 20, 43 days after infection. 
Small tubercles were numerous throughout the lungs. These were of 
an epithelioid type and without necrosis. Polymorphonuclear leuco- 
cytes were not numerous, although in greater concentration than in 
no. 9. Tubercle bacilli were numerous and deep staining. 

Guinea Pig 9: Control animal. No palmitic acid. This guinea pig 
also was killed on December 20, 43 days after infection, for comparison 
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with no. 8. Numerous large epithelioid tubercles were found in the 
lungs, averaging three times the size of the tuberculous regions in guinea 
pig 8. Polymorphonuclear leucocytes were few and there was no necro- 
sis. Only a few acid-fast bacilli could be found, and in these the fuchsin 
stain was pale. 

Guinea Pig 10: Control animal. No palmitic acid. Killed Decem- 
ber 20, 43 days after infection, for comparison with guinea pigs 8 and 9. 
Many loose epithelioid tubercles were found throughout the lungs, Jarger 
than those in no. 8 and smaller than those in no.9. The character of the 
tubercles was like that of no. 9. Exhaustive search revealed only a few 
acid-fast bacilli. These stained fairly well. 


SUMMARY OF GUINEA PIG SERIES NO. IV 


This series was handled in exactly the same manner as series III. 
The animals were all infected on February 12, 1929, intravenously 
through the external jugular vein, with 0.1 mgm. H37 tubercle bacilli 
per kg. body weight. Approximately half were fed directly with pal- 
mitic acid as in series III, the rest remaining untreated for control. 
Only those animals surviving 20 days or more are included in the 


protocols. 

Guinea Pig 1: Received 11 gm. of palmitic acid. This guinea pig 
died on March 4, 20 days after infection, of pneumonia. Numerous 
regions of consolidation with infiltration and exudation of large mono- 
nuclear leucocytes were found, in which intracellular acid-fast bacilli 
were fairly numerous. 

Guinea Pig 2: Received 12 gm. of palmitic acid. This guinea pig died 
on March 6, 22 days after infection, of pneumonia. The changes in the 
lungs were similar to those in no. 1. In the monocytes a few acid-fast 
bacilli were found. 

Guinea Pig 3: Control animal. No palmitic acid. This guinea pig 
died on March 6, 22 days after infection, apparently from trauma, for 
one pleural cavity was full of blood. Epithelioid tubercles, approxi- 
mately 2 mm. in diameter, were fairly numerous, each containing moder- 
ate numbers of intracellular acid-fast bacilli. Many acid-fast granules 
were also seen in the cells. 

Guinea Pig 4: Received 12 gm. of palmitic acid. This animal died 
of pneumonia and pleuritis on March 7, 23 days after infection. Epi- 
thelioid-cell tubercles, infiltrated with polymorphonuclear leucocytes, and 
definitely smaller than those in no. 3, were found in the lungs, and in these 
intracellular acid-fast bacilli were occasionally seen. 
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Guinea Pig 5: Control animal. No palmitic acid. This guinea pig 
was killed March 7, 23 days after infection, for comparison with no. 4. 
Epithelioid tubercles, 2 to 2.5 mm. in diameter, were numerous. Acid- 
fast bacilli were present in these in small number. 

Guinea Pig 6: Received 13 gm. of palmitic acid. This guinea pig 
died March 10, 26 days after infection, from intercurrent infection. 
Only minute tubercles could be found. In the monocytes forming these, 
acid-fast bacilli were moderately numerous. 

Guinea Pig 7: Received 13 gm. of palmitic acid. This guinea pig 
died March 10, 26 days after infection. Loose epithelioid tubercles, 
2 to 2.5 mm. in diameter, were scattered throughout the lungs. Acid- 
fast bacilli were moderately numerous in these. 

Guinea Pig 8: Control animal. No palmitic acid. This guinea pig 
was killed March 10 for comparison with guinea pigs 6 and 7. Epithe- 
lioid tubercles, 1 to 2.5 mm. in diameter, were scattered throughout the 
lungs. In the cells forming these, acid-fast bacilli were moderately 
numerous. 

Guinea Pig 9: Received 14 gm. of palmitic acid. This guinea pig 
died of pneumonia March 11, 27 days after infection. A few monocytic 
exudations and giant cells, in addition to the pneumonic regions, were 
found. No acid-fast bacilli could be seen. 

Guinea Pig 10: Control animal. No palmitic acid. This guinea pig 
was killed March 11, 27 days after infection, for comparison with guinea 
pig 9. A diffuse acute pneumonic exudation was found in several lobes 
of thelungs. In addition there were many loose accumulations of mono- 
cytes, which probably were tubercles, although acid-fast bacilli were not 
found. 

Guinea Pig 11: Received 17 gm. of palmitic acid. This guinea pig 
died March 19, 35 days after infection. There was a diffuse loose tu- 
berculous involvement of the lungs, in which epithelioid cells predomin- 
ated. Acid-fast bacilli were moderately numerous. 

Guinea Pig 12: Control animal. No palmitic acid. This guinea pig 
killed March 19, 35 days after infection, for comparison with guinea pig 
11. Scattered throughout the lungs were large epithelioid tubercles, 
3 to 4 mm. in diameter. In some of these there was suppuration, and 
in many a good deal of fibrosis. 

Guinea Pig 13: Received 19 gm. of palmitic acid. This guinea pig, 
which was becoming cachectic, was killed March 25, 41 days after in- 
fection. Loose poorly defined monocytic tuberculous infiltrations were 
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found throughout the lungs. In many of the cells acid-fast bacilli were 
found in dense clumps. No large tubercles were present. 

Guinea Pig 14: Control animal. No palmitic acid. This guinea pig 
was killed March 25, 41 days after infection, for comparison with guinea 
pig 13. Large epithelioid tubercles with necrotic and suppurative 
centres were found throughout the lungs. Acid-fast bacilli were present 
in these, but in less number than in no. 13. 

Guinea Pig 15: Control animal. No palmitic acid. This guinea pig 
was killed March 25, 41 days after infection, for comparison with guinea 
pigs 13 and 14. Large epithelioid tubercles, averaging 3 to 4 mm. in 
diameter, crowded the lungs throughout. In many of these there was 
necrosis and suppuration at the centre. Acid-fast bacilli were numer- 
ous, but less so than in no. 13. 

Summary of the Effect of Palmitic Acid on the Development of Tubercu- 
losis in Guinea Pigs Infected with Tubercle Bacilli: Of four series of guinea 
pigs studied, one was a failure because of the method of administration of 
the palmitic acid, a second was of doubtful significance because of the 
small number of surviving control animals, a third furnished very inter- 
esting results indicating a depressing effect of the palmitic acid on the 
spread of the tuberculosis, with, however, an enhancing effect on the 
appearance of acid-fast bacilli in the tuberculous lesions, and a fourth 
reproduced the effects seen in the third series, but with less constancy. 
On the whole there seemed ground for believing that the intake of pal- 
mitic acid held down the development of the disease. Whether this was 
because of an affinity of the acid for glycerol, which might otherwise 
have promoted bacillary growth, as postulated in the theory on p. 638, 
could not be determined. In any event, in spite of the most intense pal- 
mitic-acid treatment tolerated by the animals of the experiment, the 
tuberculosis continued to spread to some degree. 

The fatty-acid treatment itself was deleterious to the general health 
of the animals. This was perhaps because of its affinity for basic ions, 
but alkali feeding, resorted to for a time in the fourth series, did not 
appear to improve conditions. The palmitic-acid animals were always 
less vigorous than the controls, and, when death could not be traced 
to intercurrent infection, usually succumbed to a natural death earlier 
than the untreated animals. Obviously metabolic studies of the treated 
animals would have been of much interest, but were omitted in the focus 
of attention on the main issue in its simplest form. 

We are totally at a loss to explain why the palmitic acid, which ap- 
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peared to depress the spread of the disease, increased the apparent num- 
ber of tubercle bacilli in the lesions. The frequent absence of visible 
acid-fast bacilli in progressive lesions of experimental and spontaneous 
tuberculosis has always been one of the mysteries of pathology. The 
opinion is growing, and has been much furthered by the work of Sweany 
(7) and Kahn (8), that bacilli are truly present in these lesions, but not in 
the familiar form seen in sputum and laboratory cultures. We have 
already expressed the opinion that glycerol administered to tuberculous 
animals increases the number of bacilli and promotes their visibility, 
through establishing laboratory conditions im vivo. It is possible that 
palmitic acid has a similar effect, although the mechanism of its produc- 
tion must be entirely different. Palmitic acid, in our experience, has 
not supported or enhanced laboratory growth. There may be some 
significance for the point at issue in the fact, recently discovered by 
Richardson, Loebell and Schorr (9), that fatty-acid soaps enhance the 
respiration of tubercle bacilli. In brief, however, it is impossible to 
provide a satisfactory explanation at the present time. 

A final experiment was carried out to test the effects of glycerol and 
palmitic acid in a single series of animals under comparable conditions. 
Six rats were used, in two trios, as indicated in the following protocols. 


SUMMARY OF RAT SERIES NO. III 
(See also Table IV) 


All rats of this series were infected intravenously through a tail vein 
with 0.1 mgm. H37 tubercle bacilli per kg. body weight, on February 18, 
1929. To two animals palmitic acid was fed by mouth. Glycerol was 
fed by mouth to two others. The remaining two were untreated. The 
palmitic-acid animals died first, at the end of three and eight weeks, 
respectively, and their mates were killed for comparative examination. 

Rat 1: Treated by mouth with palmitic acid in small dosage every , 
other day; altogether 8 gm. were fed. This rat died March 11, 21 days 
after infection. Very minute tubercles were found in the lungs, consist- 
ing of single alveolar aggregations of epithelioid cells and lymphocytes. 
Tubercle bacilli were very numerous in the former and stained well. 

Rat 2: Treated with glycerol by daily feeding by mouth through a 
medicine dropper; altogether 11 gm. were fed. This rat was killed March 
11, 21 days after infection, for comparison with rats 1 and 3. A small 
number of epithelioid and giant-cell tubercles were found, with a sur- 
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rounding zone of oedema (protein precipitate in the alveolar spaces). 
Tubercle bacilli were numerous and stained well. 

Rat 3: Control rat. No palmitic acid or glycerol. This rat was 
killed March 11, 21 days after infection, for comparison with rats 1 and 
2. A moderate number of small, dense, epithelioid and lymphocytic 
tubercles were found, in which tubercle bacilli were present, but only in 
small number. 

Rat 4: Treated by mouth with palmitic acid every other day, or as 
condition warranted; altogether 24 gm. were fed. This rat died on 
April 15, 56 days after infection. Small, dense tubercles were found in 


TABLE IV 
RAT SERIES III 
Effects of Glycerol and Palmitic Acid 


No. Length Treatment Extent of Bacilli 
of life tuberculosis in lesions 


21 days 8 gems. palmitic 4 
11 gms. glycerol 
0 

56 days 24 gms. palmitic 


7 37 gms. glycerol 
6 n 0 


the lungs, in which epithelioid cells were outnumbered by lymphocytes. 
Tubercle bacilli were numerous in the epithelioid cells and stained well. 

Rat 5: Treated with glycerol by daily feeding with a medicine dropper; 
altogether 35 gm. were fed. This rat was killed April 15, 56 days after 
infection, for comparison with rats 4 and 6. Tuberculous regions were 
found in the lungs, which were larger than those in no. 4 or no. 6. Epi- 
thelioid cells were also more numerous. Tubercle bacilli were numerous, 
not greatly different in number, however, from nos. 4 and 6. 

Rat 6: Control rat. No palmitic acid or glycerol. This rat was 
killed April 15, 56 days after infection, for comparison with rats 4 and 5. 
A moderate number of loose epithelioid tubercles, in which the epithe- 
lioid cells showed profound hydropic degeneration, were found in the 
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lungs. Tubercle bacilli were present in these, well stained and moder- 
ately numerous. 

Summary of Effects of Palmitic Acid and Glycerol on the Development of 
Tuberculosis in Rats Infected with Tubercle Bacilli: In this small series 
treatment with palmitic acid tended to depress the rate of spread of 
tuberculosis in infected rats, while, as in the preceding experiments, 
glycerol had the reverse effect. The differences in the extent of tubercu- 
losis, as compared with that in untreated. control animals, were, however, 
not great in this experiment. As in the other experiments of this inves- 
tigation, both palmitic acid and glycerol appeared to increase the num- 
ber of acid-fast bacilli visible in the tuberculous lesions. 


SUMMARY AND CONCLUSIONS 


An attempt was made to apply our knowledge of the nutrition of the 
tubercle bacillus in laboratory culture to the growth of the microérgan- 
ism, and the spread of the tuberculosis thereby induced, in experimental 
animals. The investigation was directed to the effect of glycerol, which 
is of great importance for bacillary growth in the laboratory incubator. 
Glycerol, fed or injected over long periods of time, into tuberculous rats, 
appeared definitely to enhance the growth of tubercle bacilli in lesions, 
and increase the extent of the disease, reproducing to some extent in 
vivo the conditions of laboratory growth in vitro. 

In the attempt to produce the opposite effect, a reduction of the 
amount of free glycerol present in animal tissues and available for bacil- 
lary growth, palmitic acid was administered in the largest amounts 
tolerated by the animals of the experiment. This was done on the 
theory that an excess of fatty acid in the body would force a synthesis of 
some of the free glycerol present with the fatty acid administered, to form 
neutral fat, which does not support the growth of the tubercle bacillus. 
The results were not perfectly consistent throughout, but in the majority 
of cases in three series of tuberculous guinea pigs, the extent of tubercu- : 
losis was less in those animals treated with palmitic acid than in the un- 
treated controls. Whether this result was due to a removal of glycerol 
from a state suitable for growth of the tubercle bacillus, as suggested in 
the theory on which the experiment was based, or to some unknown fac- 
tor, remained undetermined. The fatty acid, itself, in the amounts 
fed, was deleterious to the general health of the animals so treated. An 
unexplained finding was an increase in the number of visible acid-fast 
bacilli in the palmitic-acid animals, in spite of a decrease in the extent of 
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the tuberculosis. More detailed summaries of the individual experiments 
are given in the text of this article. 


REFERENCES 


(1) Corper, H. J., Gauss, H., AND Renscu, O. B.: Amer. Rev. Tuberc., 1921, v, 562. 
(2) Borssevatn, C. H.: Tr. Nat. Tuberc. Assn., 1930. 
(3) Lone, E. R., AND Frnner, L. L.: Amer. Rev. Tuberc., 1927, xvi, 523. 
(4) Waite, W. C.: Arch. Path. & Lab. Med., 1927, iii, 84. 
(5) Sastn, F. R., anp Doan, C. A.: J. Exper. Med., 1927, xlvi, 627. 
CunnincHay, R. S., SaBin, F. R., Sucryama, S., AND KINDWALL, J. A.: Bull. Johns 
Hopkins Hosp., 1925, xxxvii, 231. 
(6) Maxtmow, A. A.: J. Infect. Dis., 1924, xxxiv, 549. 
(7) Sweany, H. C.: Amer. Rev. Tuberc., 1928, xvii, 53. 
(8) Kaun, M. C.: Ibid., 1929, xx, 150. 
(9) LorBEL, R. O., ScHorr, E., AND RICHARDSON, H. B.: Tr. Nat. Tuberc. Assn., 1930. 


CARBOHYDRATES IN BIOLOGICAL PROCESSES! 
Observations on Fractions of the Tubercle Bacillus 


TREAT B. JOHNSON anp ALICE G. RENFREW 


The biochemical work which has been carried on in the Sterling Labora- 
tory at Yale this past year is a continuation of a research program which 
was inaugurated in 1928, and which has been supported by several co- 
workers continually since that time. This study includes a series of 
researches dealing with various fractional units which have been ex- 
tracted from tubercle-bacillus cells, and an exhaustive study of a tech- 
nique which has been applied for the separation of the different organic 
constituents that promised to be of immediate biologicalinterest. A year 
ago I emphasized in my report to the National Tuberculosis Association 
the incompleteness of our major investigation. We desire at this time 
to emphasize again this status of our research work, and to state that 
many of the products which can be separated from the cell must be 
carried through a very critical and exhaustive chemical study before we 
can reveal the true facts regarding their formation and structure. In 
the work dealing with the chemical fractions of the cell, and with the 
study of the medium in which our cells have been grown, we have had the 
codperation of Dr. Alice G. Renfrew, who has been assisted in her labora- 
tory work by Dr. Shailer Bass and Miss Katherine Haring. The cul- 
ture media of human, bovine, and avian tubercle bacilli have been in- 
corporated in this investigation and also the medium from the growth of 
timothy bacilli. 


This past year an attempt has been made to increase our knowledge of 
certain fundamental chemical changes taking place in the medium under 
definite conditions of culture growth, and to draw from the results of 
our analyses, if possible, some definite conclusions regarding the impor- 
tant factors influencing the growth of the individual cell and the forma- 
tion of products which characterize the life development of each specific 

1 From the Sterling Chemistry Laboratory of Yale University, New Haven. Work done 
under a grant from the National Tuberculosis Association. 


2 Presented at a session of the Pathological Section at the twenty-sixth annual meeting of 
the National Tuberculosis Association, Memphis, Tennessee, May 8, 1930. 
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microérganism. While this comparative study has revealed the re- 
markable similarity in the changes produced in the culture medium dur- 
ing growth, experimental evidence has been obtained, however, which 
indicates that each microdrganism is apparently characterized by its 
own specific metabolic changes, and that these characteristic differences 
can possibly be revealed and explained by chemical analysis. The tech- 
nique which we have followed can undoubtedly be improved, but, as 
now conducted, it does reveal a picture of cellular changes which is 
extremely helpful in the selection of those types of natural substances 
which should receive first attention. 

In the development of our program this past year the work has been 
to a large degree directed toward the study of organic combinations 
which can be classified under the general group of carbohydrates. The 
separation of these interesting products in sufficient quantity, and in a 
degree of purity to enable us to make a study of the products of hydrol- 
ysis, has been a tedious and slow operation, and it has been necessary to 
develop a technique which will be of general applicability in future car- 
bohydrate research. An outstanding feature of our work has been the 
discovery of the wide occurrence of characteristic carbohydrate com- 
binations in all the fractions of the tubercle-bacillus cell, and in the 
medium in which the cell is grown. In order to reveal this wide dis- 
tribution of carbohydrates, the reader is referred to chart 1, which has 
been constructed to show this fact and also to indicate how far our analyt- 
ical work has carried us in the study of this particular class of substances. 


Explanation of Chart 


The chart serves to show the source of the various fractional units 
which have thus far been separated and studied both chemically and 
biologically. The inner circle represents the nucleus of a growing cell 
and the intermediate circle is drawn to represent the outside boundary 
surface of the cell. This is surrounded by the culture medium which 
furnishes all the nutrients required for growth. The various fractional 
units which have thus far received attention in our research work are 
expressed by the different segments of the cell structure within the 
boundary of the cell. The fractional part of the cell which has thus far 
received no attention is expressed by the segment, cell residue. In all of 
these segments of the cell structure, and in the culture medium as well, are 
found carbohydrate combinations of unknown composition and structure. 


CARBOHYDRATES IN BIOLOGICAL PROCESSES 657 


The source of the material which has been studied by Dr. Renfrew in 
her carbohydrate research this past year has been a culture medium of 
H37 which was supplied to us by the H. K. Mulford Company several 
months ago. This was an old culture medium of H37, which had been 
kept in storage in the incubator for a period of about fifteen months or 
longer. This was utilized by us for our carbohydrate study because we 
believed it important to ascertain whether the carbohydrate that was 


ALL BACTERIA GROWN ON LONGS 
SYNTHETIC MEDIUM. 


ETHER CHLOROFORN 
EXTRACTION) 
UPINS AND WAX FRACTION 


ELEMENTS OF BIOLOGICAL IMPORTANCE.— 


CARBON, HYDROGEN, NITROGEN, PHOSPHORUS 
AND SULPHUR. 


Cuart 1 


present in such a medium would be altered as a result of prolonged me- 
tabolism or destroyed through enzymatic action or otherwise by long and 
continued growth. A liberal supply of this material was made available 
for Dr. Renfrew’s use, and results have been obtained as a result of her 
work which have proved of considerable interest. We have previously 
reported in papers from the Sterling Laboratory results of an analytical 
study of the proportionate occurrence of carbohydrate substances in 
the culture media during the growth of various strains of tubercle bacilli, 
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and in the light of these observations it became very important to iso- 
late if possible the characteristic carbohydrate fractions which our 
analyses indicated were present and to ascertain by hydrolysis some 
knowledge of their chemical composition. 

It was possible to separate by our special technique a carbohydrate 
from this medium of old H37 which gave precipitin reactions in a dilu- 
tion of 1 to 1,500,000, as reported to us by Dr. Heidelberger, who very 
kindly performed the biological tests for us. In accordance with ob- 
servations which we made in our early work during the study of the con- 
ditions affecting growth of the bacilli, we found that this carbohydrate 
construction, which can be extracted from the medium in good quanti- 
ties, gave very slight reduction of copper solutions, indicating that we 
were dealing here with a construction in which the aldehyde group of the 
sugar was linked in a manner which masked its characteristic reduction 
activity. It was found, however, that after hydrolysis a Shaffer-Hart- 
mann determination showed about 60 per cent of reducing sugars, cal- 
culated on an ash-free and a moisture-free basis. We have never been 
able to conclude thus far that we were dealing here with a pure carbohy- 
drate or polysaccharide combination. It always possessed properties 
which made purification very difficult and in order to conserve our ma- 
terial, which was difficult to obtain in quantity, it was necessary to 
exercise great care in selecting purification methods. It is questionable 
whether any fraction which we succeeded in purifying was absolutely 
free from nitrogen. It is possible to reduce this to a very low percent- 
age but not without great loss of valuable material during the purifica- 
tion process. 

It has been our good fortune to identify in this carbohydrate, up to 
date, definitely the two sugars, mannose and dextro-arabinose. Man- 
nose has been separated and identified in the form of its phenylhydrazone 
and apparently exists in this carbohydrate configuration in large pro- 
portion. In fact, it was actually obtained in a yield of about 20.5 per 
cent. The hydrazone of mannose was identified by its solubility prop- 
erties, its mixed melting-point determination with known material, and 
by comparative crystallographic measurements. For assistance in this 
work we are greatly indebted to Dr. E. J. Roberts of the Sterling Labora- 
tory who very kindly gave us instructions regarding the use of the petro- 
graphic microscope and the technique of this method of identification. 
Microchemical analyses for nitrogen also were carried out and results 
were obtained indicating the correctness of our conclusion. Furfural 
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determinations of each crude sugar indicated that we were dealing with a 
pentose structure, and consequently, after the removal of our mannose, 
we proceeded to develop a method for the separation of a pentose sugar. 
It was our good fortune to succeed in separating dextro-arabinose in the 
form of its benzyl-phenyl-hydrazone. The hydrazone agreed in all its 
properties with the description of this substance as recorded in the litera- 
ture. It is the same substance which has already been identified by Dr. 
E. Gilman Roberts as a product of hydrolysis formed by digestion of the 
wax fraction of H37. In other words, this particular sugar, namely, 
dextro-arabinose, is not only found linked in specific constructions asso- 
ciated with the fat fraction, but is also excreted by the cell into the me- 
dium during growth in combination as a polysaccharide. Regarding the 
method of linkage in this polysaccharide we have at present no knowl- 
edge. The benzyl-phenyl-hydrazone of dextro-arabinose, which we ob- 
tained in this fraction of the media, melted at 171° and caused no lower- 
ing of the melting point when mixed with the corresponding hydrazone 
prepared from a pure sample of d-arabinose which we succeeded in pur- 
chasing from the Eastman Kodak Company. A mixture of our hydra- 
zone with one prepared from laevo-arabinose produced a lowering of the 
melting point of over 10°. The identity of our dextro-arabinose in 
the carbohydrate fraction under investigation has furthermore been 
established by measurement of the optical rotation of the hydrazone, and 
also by the decomposition of this hydrazone to give again the free sugar. 
The sugar recovered from this decomposition of the hydrazone gave a 
specific rotation of —102.5°, while the recorded rotation for pure dextro- 
arabinose is given as —105°. Both mannose and dextro-arabinose have 
been identified by other co-workers in our research unit, who have been 
concerned with the various fractions associated with the fat chemistry 
of tubercle bacilli. This work will be discussed in detail by Dr. Ander- 
son, who has been in charge of that phase of our research undertaking. 
Mannose and arabinose are not the only sugar constituents comprising 
this interesting cell carbohydrate. There is evidence that glucose also 
functions in the molecule but its presence has not thus far been demon- 
strated positively. The further study of its composition is now in 
progress. 

In our sugar investigations we have also found mannose in all of the 
carbohydrate fractions which have previously been reported by us in the 
study of the water-soluble and alkali-soluble products from our tubercle- 
bacillus extractions. Whether arabinose always accompanies this sugar 
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in the tubercle-bacillus cell remains to be determined. In other words, 
these complicated carbohydrates are apparently present in all the frac- 
tions of the cellular organism and can be extracted with protein without 
difficulty and obtained from such sources in sufficient quantity for chemi- 
cal work. We have also been able to show that both of these sugars, 
mannose and dextro-arabinose, are products of the hydrolysis of the car- 
bohydrate extracted from the avian tubercle-bacillus cells, a carbohy- 
drate fraction which has already been reported in previous publications 
from this laboratory. 

The rare occurrence of dextro-arabinose among natural products gives 
considerable interest to the occurrence of this sugar among the products 
of metabolism of tubercle-bacillus cells. The racemic form of this sugar 
has been revealed as a product of metabolism in cases of pentosuria re- 
vealing itself in the urine of such patients, and the laevo form has also 
been found among the hydrolytic products of certain plant carbohydrate 
combinations. Whether this particular sugar will be revealed as one of 
the products of hydrolysis when we come to investigate the scleropro- 
tein fraction of our tubercle-bacillus cells (the cell residue) remains to be 
determined. All those sugars thus far identified are linked in firm 
organic combination and are liberated only after very intense hydrolysis. 
Their behavior toward enzymes has not been studied. 

In all of this work to which I have thus far referred, we have been 
compelled to utilize a technique which will serve for the separation of 
our sugars from protein material accompanying them, and consequently 
various details of purification have to be introduced which would neces- 
sarily not be applied in case it was possible to obtain extractions free from 
one or the other of these two organic substances. In consequence of this 
fact, it became at once very important to study solutions where we would 
not be troubled with this particular aspect of our work, and we have, 
therefore, turned our attention also to the study of ‘the carbohydrate 
fractions which can be separated from the culture media during the opera- 
tion of ultrafiltration which has been applied for the purification of tu- 
berculin by Dr. Long and Dr. Seibert. A large volume of the concen- 
trated ultrafiltrate liquor was very kindly turned over to us some months 
ago by Parke, Davis & Company at my request and represented the 
filtrate from a very large incubation unit of H37 cells. It was very im- 
portant to determine whether the complicated carbohydrate combination, 
in which we find the simple sugars like mannose and d-arabinose, actually 
diffused through the cells during the process of dialysis, or whether the 
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sugars that actually occurred in such solutions were modified products of 
hydrolysis resulting from enzymatic action or otherwise. This phase 
of our work has been carried on under the direction of Dr. Renfrew by 
coéperation with Miss Haring, who has been working up all of our ma- 
terial in this unit which has thus far been available tous. At the present 
time, this work has produced for us a reasonable amount of the impure 
sugar fraction for our investigation, and just as soon as we have com- 
pleted our present program, we will endeavor to ascertain whether this 
fraction separated by Miss Haring leads to the formation of the same 
sugar constituents as have been revealed by the study of polysaccharides 
of the normal cell and the medium in which it grows. It will be interest- 
ing and important to know whether there are differences in the biological 
properties of the carbohydrate fraction isolated from the whole culture 
media and that obtained from the ultrafiltrates which are now in our 
possession. Thus far, we have only done preliminary work in this field, 
and all of Miss Haring’s available time has been occupied in working out 
the crude product for further refined work this coming year. 

As the writer looks back to-day on this whole project of bacterial 
analysis and tries to evaluate broadly the results which have immediate 
bearing on the success of the work, from both a chemical and a biological 
point of view, he is forced to recognize the importance of consistent and 
precise methods of analysis which must be applicable in the hands of 
different workers. Every factor which leads to a discrepancy in our 
comparative results necessarily leads to confusion, and prevents us from 
codrdinating correctly the various results obtained by different workers 
and thereby drawing final conclusions regarding the significance of our 
observations. It seems necessary, therefore, to emphasize at this time 
the importance of paying more attention in the future to the finer details 
of analytical procedure which will involve the application of the micro- 
chemical methods of technique. This is all the more important in conse- 
quence of the fact that we will be called upon in the immediate future to 
change the personnel of our research staff and introduce new workers for 
carrying out our program. Being unfamiliar with our present methods of 
operating and having had an experience which has given them a knowl- 
edge of a technique which is different from that which we now utilize, 
it is very important that we adopt a general method which gives us the 
best service and at the same time meets with the experimental conditions 
which must be maintained if our work is to have any practical signifi- 
cance. In other words, we have an educational program that has to be 
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carefully considered. It is agreed by everyone who is familiar with this 
type of research which we are conducting that many changes in tech- 
nique can be incorporated by any productive worker, and it is often a 
difficult matter to decide whether we are actually performing by a method 
which will preserve the original grouping which actually functions in the 
changes of the cell. One thing is undoubtedly true: that any procedure 
that will give us a picture of, the original construction of the cell and 
thereby does not lead one to. emphasize configurations which are of a 
secondary nature must be considered and such methods of technique 
necessarily must be adopted if possible; otherwise we will be drawing 
conclusions from a series of disconnected observations which will not lead 
to the actual results which are necessary if we are to make a proper classi- 
fication and coérdination of our chemical study of the primitive cell 
forms. 

In conclusion, it is my desire to report that we are now stocked in the 
Sterling Laboratory with a large amount of material which will keep our 
staff busy for at least another year. This material has been generously 
supplied to us by our two coéperative industrial organizations, and we 
really have material on hand at the present time which will provide us 
with plenty of research material for many months to come. 

This year, both Dr. Chargaff, who is now working in codperation with 
Dr. Anderson on the fat fractions, and also Dr. E. Gilman Roberts will 
sever their connection with our laboratory at Yale. This makes it neces- 
sary for us to make some new additions to our staff, and we hope to be 
able to substitute co-workers who will be able to carry on and apply the 
methods which have thus far been developed in our work. I wish at 
this time to express our appreciation of the faithful work which has been 
done by Drs. Chargaff and Roberts as members of our staff, and to 
report at this time the valuable assistance they have given in the carrying 
out of our work. Both the workers have given faithful service. It is 
our hope that we can make appointments of new workers of equal in- 
telligence and efficiency as experimentalists. 

This past year practically no attention has been paid by us to the pro- 
tein chemistry of the tubercle bacilli. The fractions representing both 
the water-soluble protein and the alkali-soluble protein constituents have 
been in storage for some time and have been turned over, as called for, to 
Dr. Sabin for biological work. Sufficient material has been on hand to 
supply this demand, and consequently no new work has been inaugurated 
to extend our study of these cell fractions. Material is being accumu- 
lated gradually to enable us to continue our work on the study of nu- 
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cleic acids of bacteria. The resource for the study of the nucleic acid 
of timothy bacilli has been provided by Parke, Davis & Company of 
Detroit, and this work has been carried on in codperation with Dr. 
Coghill, who is now engaged in an extensive research endeavoring to re- 
veal some of the chemical differences between the nucleic acid of tubercle 
bacilli and that of timothy bacilli. This work is thus far very incomplete, 
but during the coming summer this undertaking will be continued by Dr. 
Coghill and brought, if possible, to some definite conclusion. It seems 
very probable that the nucleic acids from the various sources of bacterial 
cells will reveal further important information regarding the chemistry 
of bacterial sugars. Whether the sugar combinations which are charac- 
teristic of bacterial nucleic acids will prove to be identical with those 
which are found in yeast and the various animal nucleic acids like thy- 
mus and so forth, remains to be determined. A serious difficulty which 
has to be considered in all these undertakings is the fact that the yield of 
nucleic acid is always so very low that it requires large quantities of the 
original cells to produce sufficient nucleic acid for chemical work. In 
this connection we also have in progress, independent of our tuberculosis 
work, a new series of chemical syntheses which are being carried on with 
the idea of preparing artificially glucosidic combinations corresponding 
with the degradation products of the nucleic acids. Whether these will 
prove to be of biological importance remains to be determined. 

To summarize, the evidence to date indicates that the sugars represent 
probably one of the most important constituents of the bacterial cell. 
They function in all the independent fractions which we have thus far 
been able to separate according to our present method of technique. 
As separated from these fractions, they are, of course, very impure, and 
are contaminated with inorganic salts and also with nitrogenous material 
of the nature of proteins. One of the difficult problems from a chemical 
point of view is the development of a technique which will permit us to 
state decisively that a given sugar fraction is free from protein or a pro- 
tein fraction is free from sugar. This is not always easy to determine. 

What is needed now for the proper development of our work is a more 
critical study of the analytical details which are utilized for purifying 
our substances, and also a wider use of the micro methods of chemical 
analysis which can be applied successfully in our work. The inaugura- 
tion of microchemical methods seems to be absolutely necessary in order 
to conserve the material and to operate under the conditions that are 
necessary in the field of the type which we are studying. 
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CONCERNING THE CARBOHYDRATES ASSOCIATED 
WITH THE ETHER-SOLUBLE LIPOIDS OF 
TUBERCLE BACILLI? 


R. J. ANDERSON anp E. GILMAN ROBERTS 


In earlier reports on the composition of the phosphatide (1) and wax 
(2) fractions isolated from the human type of tubercle bacilli we observed 
that large amounts of water-soluble constituents were liberated on 
hydrolysis. The aqueous solutions that were obtained after acid hydroly- 
ses were found to contain glycerophosphoric acid and in addition they 
gave reactions for reducing sugars and on treatment with phenylhydra- 
zine relatively large amounts of glucosazone were formed. 

The amounts of ether-soluble and water-soluble material obtained from 
the various lipoid fractions that have been investigated are shown in 
table 1. 

During the past year we have continued the chemical investigations on 
the lipoids of tubercle bacilli and have also begun similar comparative 
studies on the lipoids that are present in the nonpathogenic acid-fast 
timothy bacillus. This work will be reported in more detail at a later 
date. At the present time we wish to present some of the results that 
have been obtained during the past few months in studies on the carbo- 
hydrates that are liberated when the phosphatide and wax fractions of 
the tubercle bacilli are hydrolyzed by dilute acids. 

The phosphatide A-3 isolated from the human type of tubercle bacilli, 
strain H37, was the first substance which was examined thoroughly. It 
was found that the carbohydrates which were liberated when the phos- 
phatide was hydrolyzed consisted of about equal parts of mannose (3), 
inosite (4) and invert sugar. 

The separation of these cleavage products was a quite simple operation 
which could be carried out easily and in a very short time by means of the 
following procedure: After the phosphatide had been completely hydro- 


1From the Sterling Chemistry Laboratory, Yale University, New Haven, Connecticut. 
Work done under a grant from the National Tuberculosis Association. 

2 Presented before the Pathological Section at the twenty-sixth annual meeting of the 
National Tuberculosis Association, Memphis, Tennessee, May 8, 1930. 
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lyzed by boiling with dilute sulphuric acid, the fatty acids were removed 
by extraction with ether, and the aqueous solution was freed of sulphuric 
acid quantitatively with barium hydroxide. The barium sulphate was 
removed and the filtrate was concentrated under reduced pressure toa 
volume of about 50 cc. The solution was neutralized with barium 
hydroxide and the barium glycerophosphate was precipitated by adding 
alcohol. After the barium glycerophosphate had been removed, the 
filtrate was freed of barium quantitatively with sulphuric acid and the 
barium sulphate was filtered off. The filtrate was evaporated under 
reduced pressure to a small volume and an excess of phenylhydrazine, 
dissolved in a few cc. of alcohol, was added to the concentrated solution. 


TABLE 1 
Cleavage products of ether-soluble lipoids from tubercle bacilli 


TYPE OF BACILLUS HUMAN AVIAN BOVINE 


Phosphatide | Wax | Phosphatide | Phosphatide 
Ether-soluble, per cent.......... 67 70 59 58 
Water-soluble, per cent......... 33 35 47 47 


TABLE 2 
Isolation of mannose, tnosite and invert sugar from the phosphatide A-3 


Mannosephenylhydrazone; 1.24 gm. equal to mannose. 


Almost immediately mannosephenylhydrazone began to crystallize. 
After the mixture had stood over night, the crystals were filtered off and 
washed with water. The filtrate was shaken with benzaldehyde until 

the excess of phenylhydrazine was precipitated. The mixture was ‘ 
filtered, washed with water and the filtrate was extracted several times 

with ether in order to remove benzoic acid and benzaldehyde. The 
aqueous solution was then evaporated under reduced pressure to a syrup 
and the latter was further concentrated in a vacuum desiccator until the 
inosite had separated in crystalline form. In order to remove adhering 
syrup the mixture was stirred up with cold dilute alcohol and the crystals 
were filtered off and washed with alcohol. 

The filtrate was again concentrated under reduced pressure and the 
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residual syrup was dried in a vacuum desiccator. When a portion of this 
syrup was treated with phenylhydrazine hydrochloride and sodium ace- 
tate a good yield of typical glucosazone crystals was obtained which after 
purification was identical in properties with glucosazone prepared from 
pure glucose. By reason of this fact we believed at first that the residual 
syrup consisted of glucose. On further examination, however, it became 
evident that the syrup was not pure glucose because it was laevorotatory 
and it gave a red coloration when heated with resorcinol and hydro- 
chloric acid. This reaction is characteristic of ketoses and it is probable 
therefore that the syrup was similar to invert sugar, containing both 
glucose and fructose. 

We had on hand a portion of the water-soluble carbohydrates which 
remained from one of the earlier analyses of the phosphatide A-3. The 
glycerophosphoric acid had been removed as already described and the 
residual syrup had been kept in a desiccator until it formed a solid mass 
which weighed 2.9 gm. ‘This material was dissolved in water and separ- 
ated by the method outlined above. The results of the examination are 
shown in table 2. 


Carbohydrates in the Phosphatide from the Avian Tubercle Bacillus 


The phosphatide isolated from the avian tubercle bacillus yielded on 
hydrolysis about 47 per cent of water-soluble material. From this mix- 
ture we have been able to isolate barium glycerophosphate (5) and more 
recently we have also identified mannose phenylhydrazone, inosite (6) 
and glucosazone (5). Although the amount of glucosazone obtained in 
this case was small it appears to be evident nevertheless that the phos- 
phatides obtained from the human and avian tubercle bacilli contain 
similar carbohydrate complexes which on hydrolysis yield identical 
cleavage products. 


Carbohydrates in the Phosphatide from the Bovine Tubercle Bacillus 


The phosphatide (7) isolated from the bovine tubercle bacillus con- 
tained about the same proportion of water-soluble constituents as the 
avian phosphatide but the substance differed not only in properties but in 
its water-soluble cleavage products from the phosphatides obtained from 
the human and avian bacilli. In the first place, the bovine phosphatide 
is very stable and it is hydrolyzed with great difficulty; in the second 
place, one of the ether-insoluble cleavage products formed a mucilagin- 
ous mixture with water. This peculiar material, which we could neither 
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isolate nor remove, interfered greatly with the separation of the other 
carbohydrates. The investigation is not yet completed but we have been 
able to isolate and identify mannosephenylhydrazone and inosite. How- 
ever, other as yet unidentified carbohydrates are present in the hydrolysis 
mixture. 


Carbohydrates in the Tubercle-Bacillus Wax 


The purified wax (2) obtained from the chloroform extract of the 
human bacillus yielded nearly 40 per cent of water-soluble material 
after it had been hydrolyzed. The aqueous solution was found to con- 
tain a small quantity of glycerophosphoric acid together with reducing 
sugars which gave pentose color reactions. When the mixture was 
treated with phenylhydrazine two osazones were formed which after 
purification corresponded in properties with arabinosazone and gluco- 
sazone. By means of diphenylhydrazine we obtained a slightly solu- 
ble hydrazone which was found to be identical in properties with the 
diphenylhydrazone of d-arabinose. 

The solution also contained a small amount of glucosamine which was 
isolated as the hydrochloride. All of the phosphatides so far examined, 
as well as the wax, contained small amounts of nitrogen but in no case 
have we been able to isolate any nitrogenous base. When we discovered 
that glucosamine was present we thought that this substance might 
account for the nitrogenous constituent. It must be confessed, however, 
that the quantity of glucosamine hydrochloride that can be isolated in 
the form of pure crystals is so small that it represents only a minor 
fraction of the nitrogen that is present. 

Other carbohydrates are present in the wax but so far we have not been 
able to identify them. The occurrence of d-arabinose in this fraction is 
of interest because this sugar is so rarely found in nature while ]-arabinose 
is widely distributed. 

The function of the carbohydrates associated with the lipoid fractions 
is not known. It is possible that they form the important link by means 
of which the fatty acids are combined in the molecules of these com- 
pounds. If this assumption should be found to be true it would mean 
that the bacillary lipoids represent new types of chemical compounds 
which would be highly interesting not only from a purely chemical stand- 
point but also from a biological point of view. 

In conclusion we wish to point out the great complexity of the chemical 
compounds produced by a unicellular organism such as the tubercle 
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bacillus. The ether-soluble constituents of the lipoids consist of palmitic 
acid, oleic acid and a new liquid saturated fatty acid of high molecular 
weight which has been named phthioic acid. Phthioic acid is optically 
active and it exerts a remarkable stimulation on the proliferation of epi- 
thelioid cells which leads to the formation of massive tubercular tissue. 
The water-soluble constituents on the other hand consist of glycerophos- 
phoric acid, mannose, inosite, invert sugar, d-arabinose, glucosamine as 
well as other carbohydrates which have not yet been identified. 

All of the bacteria which have been used in our experiments were 
grown on the Long (8) synthetic medium in which the only organic con- 
stituents are glycerol and asparagin. From these simple substances the 
living growing bacillus is capable of synthesizing the whole series of 
complex compounds which compose the cell. 
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BIOCHEMICAL STUDIES OF BACTERIAL DERIVATIVES! 


XII. The Preparation of Human Tubercle-Bacillus Polysaccharide MB-200 
and Some of Its Biological Properties 


PETER MASUCCI, K. L. McALPINE anp JOHN T. GLENN? 


In 1921 Zinnser (1) prepared a substance from tubercle-bacillus ex- 
tracts which he called “residue antigens.” This substance was heat- 
resistant, was precipitated by alcohol, reacted im vitro with specific sera, 
giving a precipitin reaction, and also gave skin reactions in tuberculous 
guinea pigs. Subsequent studies showed that the skin-reactive constitu- 
ent was an impurity, and that the “residue antigen’’ was in reality an 
impure polysaccharide. 

In 1925 Laidlaw and Dudley (2) isolated from human tubercle bacilli, 
grown on broth, a carbohydrate complex of the nature of a gum, which 
gave specific precipitation with immune serum. The gum was not a 
true antigen, since it failed to induce the formation of antibodies. The 
specific carbohydrate contained only traces of nitrogen and sulphur, 
gave no color reaction with iodine, and did not reduce alkaline copper 
solutions. On hydrolysis it yielded reducing substances equivalent to 
51.5 per cent glucose. A furfural distillation showed the presence of 
30.6 per cent pentoses. No proof of the presence of glucose or other 
hexoses was obtained. Dissolved in 2.5 per cent sulphuric acid, the 
substance gave a specific rotation of + 67°. On heating this solution on 
the water-bath for 24 hours, the rotation diminished to zero. A small 
quantity of an unidentified crystalline osazone was obtained from the 
neutralized solution. 

Mueller (3), working with O.T., prepared by evaporating to one-tenth 
the synthetic medium upon which strain H37 was grown, reported in 
1926 the isolation of a gum which gave specific precipitin reaction in high 
dilutions with homologous immune sera. The gum contained 54.8 per 
cent pentoses. Dissolved in N/2 HCl, it had a specific rotation of 
+ 24.2°, and on heating this solution for 2 hours the rotation dropped to 


1 Presented at a session of the Pathological Section at the twenty-sixth annual meeting of 
the National Tuberculosis Association, Memphis, Tennessee, May 8, 1930. 
2 The Mulford Laboratories, Glenolden, Pennsylvania. 
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—22.9°. The hydrolyzed solution yielded reducing substances equiva- 
lent to 99 per cent glucose. Mueller was unable to prepare any osazone 
from the hydrolyzed solution in a form which could be identified. 

Anderson (4) in 1927 obtained a polysaccharide from the aqueous- 
alcohol fraction that remained after the ether-alcohol extract of human 
tubercle bacilli had been shaken with ether to remove the lipoid sub- 
stances. The polysaccharide was acid in reaction, and contained traces 
of phosphorus, nitrogen and sulphur. No further chemical investigation 
was made. 

This paper gives an account of certain biochemical studies which we 
have made on a polysaccharide isolated from the filtrate of tubercle 
bacillus H37 grown on synthetic medium. In order to conform with 
Johnson’s scheme (5) of nomenclature and to differentiate this particular 
polysaccharide from those obtained from other fractions or from the 
organism, we have designated this substance as Human Tubercle Bacillus 
Polysaccharide MB-200. This report is divided into three parts: (1) the 
method of preparation, purification and chemical analysis of the poly- 
saccharide, (2) a partial study of the specificity of the polysaccharide 
against immune sera, and (3) the effect of the polysaccharide on normal 
and tuberculous animals. 


EXPERIMENTAL 


Method of Preparation: The filtrate from cultures of tubercle bacillus 
H37, grown on Long’s synthetic medium, was treated with neutral lead 
acetate and the resulting copious precipitate discarded. More neutral 
lead acetate and ammonia were added alternately to the filtrate until a 
maximum precipitate was obtained. This was collected, dissolved in 
weak acetic acid, filtered to remove insoluble matter, and the filtrate again 
precipitated by the cautious addition of ammonia. This process was 
repeated twice. The final acetic-acid solution was poured into an equal 
volume of cold methyl alcohol. The precipitate was discarded. The 
supernatant was again treated with neutral lead acetate and ammonia, 
the precipitate dissolved in a small amount of dilute acetic acid, treated 
with hydrogen sulphide, and filtered. The filtrate was evaporated under 
vacuum to a thick syrup and poured into a large volume of absolute ethyl 
alcohol. The gummy precipitate which formed was dissolved in a little 
water, and again precipitated with absolute alcohol. This process was 
repeated three times. The final precipitate was ground with absolute 
methyl alcohol until the gum disintegrated into a very fine light powder 
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which was dried im vacuo and for reference purposes given Laboratory 
No. 37,126. 

This method yielded a semipurified polysaccharide, which gave none 
of the protein color tests, but did give a faintly positive ninhydrin. It 
was free from sulphates, chlorides and glycogen; it was not precipitated 
by neutral lead acetate except in the presence of ammonia. Analysis 
gave: ash 3.3 per cent; nitrogen 0.75 per cent; pentoses 32.5 per cent; 
after hydrolysis, reducing substances equivalent to 58.8 per cent glucose; 
specific rotation + 49.8°. 

Precipitation with Immune Serum: In testing the precipitating power 
of the polysaccharide, 0.5 cc. of each dilution used was placed in a series 
of small test-tubes and 0.5 cc. of the serum added. The contents of the 
tubes were mixed and the tubes placed in the water-bath at 45°C. 

With immune horse serum no. 83,028, which had been prepared by 
injecting the animal intravenously with defatted tubercle bacilli, the poly- 
saccharide gave a definite precipitate in a dilution of 1 in 1,600,000. Nor- 
mal horse serum gave no precipitate at any concentration of the poly- 
saccharide used. With filtrate serum no. 83,029, which had been 
prepared by injecting the horse with the filtrate from cultures of tubercle 
bacillus, the polysaccharide also failed to give any precipitate in any of 
the concentrations employed. This interesting observation shows that, 
although the filtrate contains the polysaccharide and protein substances, 
it does not induce the formation of type-specific antibodies. Apparently, 
the linkage between the polysaccharide and the other protein constituent 
is broken; the mixture of free polysaccharide and protein is no longer 
capable of inciting the formation of the immune body. This is another 
example of Avery and Heidelberger’s conclusion that “morphological 
integrity of the bacterial cell, therefore, is requisite for the expression of 
its full antigenic power.” 

Effect of Polysaccharide on Normal and Tuberculous Guinea Pigs: The 
results obtained on injecting this lot of polysaccharide will be discussed 
later. 

Preparation of Pure Polysaccharide No. 46,524: On account of the 
relatively large amount of nitrogen present in the polysaccharide just 
described, it was decided to prepare another lot containing less of this 
impurity. For this purpose we started with 70 litres of filtrate, which 
gave a precipitate with immune horse serum no. 83,028 in a dilution of 
1:800, and which after hydrolysis had reducing substances equivalent 
to 0.49 per cent glucose. 
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The method of preparation was essentially that described. The yield 
was 72 gm. of a product which still contained 1 per cent nitrogen. The 
polysaccharide was purified by putting it through the lead-ammonia 
process again and finally through three precipitations with cold glacial 
acetic acid. The yield was 54 gm. of a nonhygroscopic, fine, white 


TABLE 1 
Human tubercle-bacillus polysaccharide MB-200, no. 37,126 


FLOCCULATION TEST: TEMPERATURE 45°C, 


dilutions 


| 1:200,000 
| 1: 800,000 
| 1: 1,600,000 


Polysaccharide no. 37,126 
Human tubercle-bacillus serum no. 83,028 
Flocculation time in minutes 
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Boo 


| 1:200,000 


Polysaccharide no. 37,126 
Human tubercle-bacillus-filtrate serum no. 83,029... 
Flocculation time in minutes 


wm 


| 110,000 
no 


dilutions 


| 1:40,000 
| 1:200,000 


Polysaccharide no. 37,126 
Normal horse serum 


| 1: 10,000 


powder. Analysis gave: water 7.5 per cent; ash 2.8 per cent; nitrogen 
0.3 per cent; reducing substances equivalent to 75.6 per cent glucose; 
pentoses 29.2 per cent; specific rotation in 2.5 per cent sulphuric acid, 
+67.7°; specific rotation after heating for 4 hours with 2.5 per cent sul- 
phuric acid, —10°. 

Identification of Reducing Substances in Hydrolyzate: This lot of poly- 
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In charts 1 to 9 the solid line represents the tuberculous and the broken line the non- 
tuberculous guinea pig. 
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saccharide was considered pure enough for further chemical investigation. 
It was possible to isolate from the hydrolyzate, mannose-phenyl-hydra- 
zone, d-arabinose para-brom-phenyl-hydrazone, and an unidentified sugar 
acid. The chemical details of this separation will be published elsewhere. 

Precipitation with Immune Serum: This lot of polysaccharide was tested 
with immune bacillary serum no. 83,028 and with filtrate serum no. 83,029. 
With the first, there was precipitation in a dilution of the polysaccharide 
of 1:2,000,000. There was no precipitation in any dilution of the poly- 
saccharide used with filtrate serum no. 83,029. 

Effect of Polysaccharide on Normal and Tuberculous Guinea Pigs: We 
have attempted to study the effect of this polysaccharide, MB-200, on 


TABLE 2 
Comparative analysis of specific precipitating substances 


HUMAN TUBER- | HUMAN TUBER- 
CLE-BACILLUS | CLE-BACILLUS 
DETERMINATION POLYSACCHARIDE |POLYSACCHARIDE 

uB-200 uB-200 
No. 37,126 NO. 46,524 


6.44% 4.50% 7.58% 
9.37% 3.0% 3.30% 2.80% 
Nitrogen Trace 0.30% 0.75% 0.30% 
Reducing power after hydrolysis..} 51.50% 99% 58.80% 75.60% 
Pentoses 30.60% 54.8% 32.5% 29.20% 
+ 67.8° in | +24.2° in | +49.8° in | +67.7° in 
2.5% He N/2 HCl H,0 2.5% He 
SO, SO, 
0,4hrs.on | —22.9° 2 —10° 
water hours 
bath boiling 


tuberculous guinea pigs and to compare our results with those obtained 
by White (6) who used the Anderson polysaccharide As. The first tests 
were done with polysaccharide no. 37,126, which was injected intraperi- 
toneally into a series of tuberculous guinea pigs. As can be seen from 
the charts, the only effect produced was a rise in temperature at the end 
of the three-hour period. The significance of this we are not stressing, 
although it seems more than a coincidence that of 6 guinea pigs injected 
with the whole polysaccharide all should show a peak at the three-hour 
period. 

A drop in temperature had been expected, corresponding to that ob- 
served by White, but the tests showed no such fall. Another set of 
guinea pigs was injected with the same polysaccharide (37,126), hydro- 
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lyzed at 120°C. for one hour with normal sulphuric acid and the hydrol- 
yzate neutralized with sodium hydroxide. Ten and twenty milligrams 
of this were injected also intraperitoneally into tuberculous and normal 
guinea pigs. As can be seen from the charts, an almost immediate drop 
was obtained, which continued so that in 3} hours there had been a fall 
of 7.5°F. in one guinea pig, 8.3°F. in a second, and 5.5°F.inathird. Two 
of the guinea pigs died after the temperature had fallen to 94°F. These 
animals were in fair condition but had extensive tuberculosis; their 
temperature curves agreed with those obtained by White. 


TABLE 3 
Human tubercle-bacillus polysaccharide MB-200 no. 46,524 


FLOCCULATION TEST: TEMPERATURE 45°C. 


dilutions 


| 1:2,000,000 
| 1: 3,000,000 
| Control 


| 1:800,000 


Polysaccharide no. 46,524 
Human tubercle-bacillus serum no. 83,028 
Flocculation time in minutes 


0.5 
0.5 
over night 
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mun 
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dS 
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dilutions 


1: 100,000 
| 1:2,000,000 


| Control 


Polysaccharide no. 46,524 
Human tubercle-bacillus filtrate serum no. 83,029...} 0. 
Flocculation time in minutes — 


5 
5 


oS 
non 


Before reporting these results we wished to repeat these tests, using 
the purer polysaccharide no. 46,524. It was difficult for us to explain 
why the hydrolyzed polysaccharide should cause a drop in temperature. 
It seemed very unlikely that the reducing sugars formed on hydrolysis 
should have such an action. We inclined more to the belief that the 
substance responsible was either some impurity in the sugar, some de- 
composition product formed by heating the sugar at 120°C., or might 
possibly be due to some sugar acid split off from the gum. 

Guinea pigs were injected with 10 mgm. of polysaccharide no. 46,524, 
not hydrolyzed and hydrolyzed at 100°C. There was no effect. Both 
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the whole and hydrolyzed sugar behaved the same. Having failed to 
repeat our first test, we retested the original polysaccharide 37,126 hy- 
drolyzed at 120°C. and simultaneously hydrolyzed polysaccharide no. 
46,524 at 120°C. As can be seen from the charts, we again failed to 
confirm our original findings. One guinea pig out of six did show a 
definite drop, but recovered. 

In checking the various variables in this test, it seemed that the only 
one we had not controlled was the animal. In the Transactions (6) of 
1929, Dr. White, in reporting the effect of the polysaccharide on tuber- 
culous animals, pointed out that the response of a guinea pig in the early 
stages of infection is different from that in the later. In the first stages 
there is no fall but “from four weeks onward when the pig begins to 
decrease in weight the temperature begins to fall steadily.” In our first 
series the length of time of infection had been two months previous to 
the test. These guinea pigs showed no drop in temperature to the whole 
polysaccharide, but did very markedly to the hydrolyzed. The second 
series used had been infected less than one month previous to the test, 
with one exception. These guinea pigs showed no temperature drop 
when injected either with the whole or hydrolyzed polysaccharides no. 
37,126 and no. 46,524. 

From these tests, it seems that the whole polysaccharide, MB-200, has 
practically no effect on the tuberculous guinea pig, irrespective of the 
duration of infection, except perhaps a slight rise in temperature reaching 
a maximum in three hours. 

With the hydrolyzed sugar, however, our results confirm those of Dr. 
White; the duration of the disease appears to play an important part. 
We hope to continue studying this phase of the problem. 

We have also failed to elicit any skin reactions with the polysaccharide, 
whole and hydrolyzed, in a limited number of human tuberculous pa- 
tients and in tuberculous guinea pigs. 


SUMMARY 


1. A polysaccharide complex of the nature of a gum has been isolated 
from the filtrate of tubercle-bacillus cultures grown on synthetic medium. 
It contains about 30 per cent pentoses and has a specific rotation of the 
order of +67°. Its properties are similar to the gum isolated by Laidlaw 
and Dudley from tubercle bacilli. 

2. The small amount of nitrogen present in the purified preparation is 
probably an impurity; the soluble specific substance appears to be a 
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nitrogen-free polysaccharide, made up, at least, of units of mannose, d- 
arabinose, and some sugar acid. The sugars have been identified by 
the isolation of their hydrazones. 

3. The polysaccharide gives a precipitate with immune sera in high 
dilutions, but only with sera produced by injecting the animal with 
the microérganisms; with sera produced by injecting the animal with 
the filtrate from the cultures, no precipitate is obtained in any concen- 
tration of the polysaccharide. 

4, In our hands, whole (not hydrolyzed) polysaccharide does not cause 
a marked drop in temperature when injected into tuberculous guinea 
pigs, regardless of the duration of the infection. The hydrolyzed poly- 
saccharide seems to produce a marked lowering in temperature when 
injected into tuberculous guinea pigs that are in the last stages of infec- 
tion; in guinea pigs that are in the early stages of infection, there seems 
to be no such marked action. 

5. The polysaccharide, hydrolyzed and nonhydrolyzed, fails to elicit 
a skin reaction in tuberculous patients or in tuberculous guinea pigs. 
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BIOCHEMICAL STUDIES OF BACTERIAL DERIVATIVES 


XIII. The Occurrence of Mannose and d-Arabinose in the Polysaccharide Isolated 
from the Filtrate of Human Tubercle-Bacillus Cultures! 


PETER MASUCCI ann KENNETH L. McALPINE? 


In a previous communication (1) we reported on the isolation of a 
complex polysaccharide from the filtrate of tubercle-bacillus cultures 
grown on synthetic medium. To conform to Johnson’s scheme of 
nomenclature (2) this polysaccharide was designated as Human Tubercle 
Bacillus Polysaccharide MB-200. It contained about 30 per cent pen- 
toses and had a specific rotation of the order of +67°. The polysac- 
charide gave a precipitate with homologous sera in high dilutions, but 
only with sera produced by injecting the animal with the microdrganisms; 
with sera produced by injecting the animal with the filtrate from the cul- 
tures, no precipitate was obtained in any concentration of the polysac- 
charide. 

Recently, we have submitted the polysaccharide to further chemical 
investigation for the purpose of identifying the reducing substances in 
the hydrolyzate. Two grams of the substance were heated on a water- 
bath for 4 hours with 175 cc. water, 25 cc. concentrated hydrochloric acid, 
and one gram norit. The contents of the flask were filtered, giving a 
clear colorless filtrate, which was evaporated im vacuo to about 20 cc. It 
was neutralized with sodium hydroxide and then made slightly acid with 
acetic acid. The solution was centrifugated, and 2 gm. of phenyl-hy- 
drazine hydrochloride and 2 gm. of sodium acetate, each in clear aqueous 
solution, were added to the supernatant. In about five minutes a heavy 
precipitate began to settle out. After standing about 5 hours, the almost 
white precipitate was centrifugated off and washed with methyl alcohol 
until the color was removed. At this point the precipitated hydrazone 
was not crystalline but consisted of colorless spherical masses. The 
impure hydrazone was taken up in boiling 50 per cent methyl alcohol 
and allowed to crystallize by spontaneous evaporation of the solution. 


1 This report is part of a codperative investigation conducted under the auspices of the 
National Tuberculosis Association. 
2 The Mulford Biological Laboratories, Sharp and Dohme, Glenolden, Pennsylvania. 
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The hydrazone separated out in colorless rhombic crystals which melted 
with decomposition at 192°C. (uncorrected). A mixture of a known 
mannose-hydrazone and this unknown melted at the same temperature. 
According to Levene and Mori (3), the specific rotation of mannose- 
phenyl-hydrazone in 50 per cent pyridine and water is +32.5°. Accord- 
ingly, 0.5602 gm. of the hydrazone was dissolved in 25 cc. of warm 50 
per cent pyridine and water. On cooling, some of the substance sepa- 
rated out. The volume was made up to 50 cc. with more pyridine and 
water, but even in this concentration there was a small amount of 
insoluble material which dissolved only on warming the solution. On 
taking the optical rotation, the solution appeared decidedly reddish- 
yellow and the readings were very unsatisfactory. Anderson and Ren- 
frew (4) have recently reported on an exactly similar experience while 
working with the hydrazone of a reducing sugar which was formed by 
hydrolyzing human tubercle-bacillus phosphatide. In crystal form and 
in solubilities their hydrazone appeared to be identical with a known 
mannose-phenyl-hydrazone. They conclude, therefore, that one of the 
reducing sugars in the phosphatide is mannose. 
The hydrazone prepared by us analyzed as follows: 


3.265 mgm. substance; 0.323 cc. Nz at 33°C., 753.6 mm. Hg 
CieHisO;Ne. Calculated Nz 10.37 per cent. 
Found Nez 10.94 per cent. 


According to Fischer (5), mannose-phenyl-hydrazone, 0.1 gm., dissolved 
in 1 cc. cold concentrated hydrochloric acid and then diluted with 5 cc. 
water, had a rotation of —1.2° in a 100-mm. tube. We were unable to 
confirm this, either with the unknown hydrazone or with a known man- 
nose-phenyl-hydrazone. The rotation was at first slightly laevorotatory, 
but on standing about 30 minutes it became + 0.1°. 

Although the specific rotation of the unknown hydrazone has not been 
satisfactorily determined we are of the opinion that the unknown is 
mannose-phenyl-hydrazone. This is based on considerations of crystal 
form, melting-point, analysis, and general insolubility in solvents. One 
of the reducing sugars formed on hydrolyzing the polysaccharide, MB- 
200, is therefore mannose, the same sugar found by Anderson and 
Renfrew in human phosphatide. 


PREPARATION OF ARABINOSE PARA-BROM-PHENYL-HYDRAZONE 


According to Emil Fischer (6), para-brom-phenyl-hydrazine is an 
excellent reagent for differentiating arabinose from xylose. The hydra- 
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zone of arabinose is very difficultly soluble in water, in contrast to hydra- 
zones of other sugars. On this account the reagent can be used as a 
means for detecting arabinose. Xylose under the same conditions does 
not form a hydrazone. 

Mannose-phenyl-hydrazone was formed in the manner already de- 
scribed from another sample of polysaccharide. The hydrazone was 
removed. The remaining filtrate was heated with benzaldehyde and the 
resulting oil was removed by repeated washings with ether. The ether 
was removed from the solution by distillation. An aqueous solution of 
para-brom-phenyl-hydrazine hydrochloride was added. In a short 
time spherical aggregates of crystals began to deposit on the walls of the 
tube. The crop of crystals was removed on the following morning, 
washed with alcohol, and recrystallized from hot water. These crystals 
were almost insoluble in absolute alcohol and acetone. Their melting 
point was 159°C. (uncorrected). This compared very favorably with 
a known arabinose-para-brom-phenyl-hydrazone which melted at 158°C. 
(uncorrected). A mixture of the two hydrazones melted at 157°C. 
(uncorrected). 

The hydrazone prepared by us analyzed as follows: 


5.210 mgm. substance: 0.423 cc. Nz at 33°C., 752.4 mm. Hg 
NeH C,H,Br. Calculated Ne 8.77 per cent. 
Found Ne 8.96 per cent. 


In crystal form and solubilities both substances appear identical. It 
seems, therefore, that one of the other sugars formed on hydrolyzing the 
polysaccharide is d-arabinose. 


DETERMINATION OF SUGAR ACID 


The method used was that described by Heidelberger and Kendall (7) 
for preparing aldobionic acid from gum-arabic. One gram of the poly- 
saccharide was dissolved in 25 cc. normal sulphuric acid and refluxed 
for 3 hours. The small amount of black material which formed was 
filtered off. The sulphuric acid was removed quantitatively with 
barium hydroxide. The supernatant was precipitated by adding 2 
volumes of alcohol; the precipitate was taken up in water and reprecipi- 
tated twice with alcohol to remove adhering sugars. The precipitate 
was dissolved in water, made up to a definite volume, and the barium was 
determined in an aliquot. One gram of sugar yielded 0.0602 gm. barium 
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sulphate. Calculated on a dry basis from the barium content of the salt, 
the sugar acid present is about 10-11 per cent of the polysaccharide. 


SUMMARY 


The polysaccharide isolated from the filtrate of human tubercle-bacillus 
cultures is made up of units of mannose, d-arabinose, and an unidentified 
sugar acid. The sugars have been identified by the isolation of their 
hydrazones. 
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XIV. The Preparation and Chemical Composition of Timothy-Bacillus 
Polysaccharide MB-200! 


PETER MASUCCI anp KENNETH L. McALPINE?: 3 


We have succeeded in isolating a polysaccharide from cultures of 
timothy bacillus grown on Long’s synthetic medium. The method of 
preparation was similar to that described for isolating the human tuber- 
cle-bacillus polysaccharide (1). This method yielded a product which 
gave none of the protein color tests, contained no sulphur, and gave 
no precipitate with mercuric chloride, neutral lead acetate, tannic acid, 
iodine, or phosphotungstic acid. Its chemical composition was quite 
similar to that of the human type of tubercle bacillus. 


TABLE 1 
Comparative analysis of human tubercle-bacillus and timothy-bacillus polysaccharides 


HUMAN TUBER- TIMOTHY- 
DETERMINATION CLE-BACILLUS BACILLUS 
POLYSACCHARIDE} POLYSACCHARIDE 


Reducing power after hydrolysis. 75.60% 78.0% 


(A)5° after heating 4 hours on water-bath...............2000: —10° —10° 


The polysaccharide was hydrolyzed and the phenyl-hydrazone obtained 
by the method already described (2). The purified hydrazone sepa- 
rated out in the typical rhombic crystals which melted with decomposi- 
tion at 191°C. (uncorrected). A mixture of this hydrazone and a known 
mannose-phenyl-hydrazone melted at the same temperature; both 


1 This report is part of a codperative investigation conducted under the auspices of the 
National Tuberculosis Association. 

2 The Mulford Biological Laboratories, Sharp and Dohme, Glenolden, Pennsylvania. 

’ Since this communication was submitted for publication an antiserum has been ob- 
tained by injecting a horse with defatted timothy bacilli. This serum gives a precipitin re- 
action with the timothy and human bacillus polysaccharides in a dilution of 1:800,000. 
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capillary tubes were attached to the same thermometer and heated 
simultaneously. In crystal form, melting point, and general insolubility 
in solvents, the hydrazone corresponds to that of mannose. 

The filtrate remaining after the removal of the hydrazone was heated 
with benzaldehyde and the resulting oil removed by repeated washings 
with ether. The excess ether was removed from the solution by suc- 
tion. An aqueous solution of para-brom-phenyl-hydrazine hydro- 
chloride was added. Spherical aggregates of crystals deposited on the 


TABLE 2 


HUMAN TUBERCLE-BACILLUS 
DILUTION OF POLYSACCHARIDE OF HUMAN TUBERCLE-BACILLUS BACILLARY SERUM ABSORBED WITH 


HUMAN TUBERCLE BACILLUS BACILLARY SERUM UNABSORBED TIMOTHY-BACILLUS POLYSACCHARIDE 


1: 
i: 
1; 


HUMAN TUBERCLE-BACILLUS BACIL- 
DILUTION OF POLYSACCHARIDE OF HUMAN TUBERCLE-BACILLUS LARY SERUM ABSORBED WITH HUMAN 


TIMOTHY BACILLUS BACILLARY SERUM UNABSORBED TUBERCLE-BACILLUS POLYSACCHARIDE 


ao 66 Sa 66 ca 


Oo 


walls of the tube. After standing some hours, the crystals were washed 
with alcohol and recrystallized from hot water. They were almost 
insoluble in absolute alcohol and acetone. Their melting point was 
159°C. (uncorrected). In crystal form, solubility in solvents, and 
melting point the substance corresponds to that of arabinose-para- 
brom-phenyl-hydrazone. 

In testing the precipitating power of the polysaccharide, 0.5 cc. of each 
dilution used was placed in a series of small test-tubes and 0.5 cc. of the 
serum added. As no timothy-bacillus antiserum was available, the 
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serum used was one which had been prepared by injecting a horse intra- 
venously with defatted human tubercle bacilli. The timothy-bacillus 
polysaccharide gave a definite precipitate with this serum in a dilution 
of 1:1,600,000. Absorption tests showed that the human tubercle- 
bacillus polysaccharide and the timothy-bacillus polysaccharide reacted 
with the same antibody in the serum. 


SUMMARY 


A polysaccharide may be isolated from the filtrate of timothy-bacillus 
cultures grown on synthetic medium. On hydrolysis it yields mannose 
and d-arabinose; in its general chemical composition it is comparable to 
the polysaccharide isolated from the filtrate of human tubercle-bacillus 
cultures. The timothy-bacillus polysaccharide is also comparable in 
its precipitating activity for human tubercle-bacillus antiserum with the 
human tubercle-bacillus polysaccharide. 
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ANATOMICAL AND PHYSIOLOGICAL ASPECTS 
OF THE DIAPHRAGM! 


WILLIS S. LEMON? 


As animal life develops from the lower to the higher forms, perfection 
of organic structure keeps pace with the growing complexities of living 
and of necessary activities. The perfected diaphragm of the mammal 
is a single illustration of the developmental refinements acquired to make 
possible the functions that the activities of mammalian life require. 
Because of the stage- of its development as discovered in observations 
on comparative anatomy, its embryological growth, its unique position 
in the body during life, and the unusual nature of its structure and its 
work, this muscle has been the object of speculation and experimental 
study throughout more than three centuries. Its actions affect the major 
functions of respiration and of circulation, of parturition and of digestion. 
It is both voluntary and involuntary in its control, and its motion is 
rhythmic and essentially uniform in strength of contraction or unrhyth- 
mic and extremely variable in the degree of intensity of its contraction. 
It occupies at once the highest place among skeletal muscles, and ap- 
proaches the heart in the character of its behavior and in the importance 
of its work. Its equipment is adequate to permit an incredibly vast 
amount of work of diversified nature to permit it to contract involun- 
tarily, regularly and rhythmically with alternate momentary periods of 
rest, from birth to death, as dictated by the demands of its respiratory 
function, and to allow it to contract voluntarily with great violence and 
over extended periods of time as its function as a pressor organ demands. 


MUSCULATURE 


The perfection of the development of the diaphragm as a muscular 
organ has been systematically and completely studied by Lee, Guenther 
and Meleney. Their comparisons of the clinical and physiological 
properties of the diaphragm with those of the extensor longus digitorum, 


1 Presented at a session of the Clinical Section of the twenty-sixth annual meeting of the 
National Tuberculosis Association, Memphis, Tennessee, May 9, 1930. 
2 Division of Medicine, The Mayo Clinic, Rochester, Minnesota. 
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the sartorius and the soleus showed plainly that the diaphragm has the 
most efficient muscle. The work of these authors shows that the diverse 
functional requirements of this unusual muscle are made possible by the 
extraordinary properties with which it is endowed: 


As to most of the properties the diaphragm stands by itself in the lead of all 
the others. Its tissue possesses the greatest reducing power, in other words, 
the greatest power to remove oxygen from its environment, and this power is 
probably dependent on the existence of an enzyme; its content in peroxidase is 
greatest; the irritability of the excised diaphragm to single induction shocks 
while surpassed in degree at first by both the extensor and the sartorius sur- 
vives long after all the other muscles have died; in the brevity of its latent 
period the excised diaphragm is surpassed by the extensor only; when actively 
stimulated and made to do work, the excised diaphragm will work for a much 
longer period and accomplish far more than the other muscles, even more than 
all together, hefore becoming exhausted; it is superior in absolute power and 
in tendency to summate stimuli; it exhibits a greater tendency than do the 
other muscles to respond to faradic and chemical stimuli by twitches more or 
less rhythmical in character; its greater resistance to fatigue is exhibited in 
its longer working period and its greater work accomplished before becoming 
exhausted; it, with possibly some other respiratory muscles, is the last skeletal 
muscle of the body to submit to the paralyzing action of curare; other inves- 
tigators have pointed out its greater tendency than other parts of the body to 
harbor trichinae—a peculiarity that is not yet explained, but may possibly be 
associated with the greater power of the diaphragm to utilize oxygen; when the 
body is subjected to high heat and high humidity all the muscles (the soleus 
not having been studied) are affected deleteriously, which is manifested in 
diminution of the working period and the total work that can be accomplished 
before exhaustion sets in, but the diaphragm is affected far less than the other 
muscles; by extreme inanition the total working period of the excised dia- 
phragm is shortened far less than that of the extensor, although the total work 
that can be performed by the former is diminished to a greater degree—a fact 
that may possibly be associated with the greater activity of the diaphragm. 

Most of these facts indicate that the diaphragm possesses much more effi- 
cient muscular tissue than do other muscles—in other words, it is a superior 
physiological mechanism. This is exactly what might be expected, when the 
unique and superior réle of the diaphragm among skeletal muscles is considered. 
Here seems to be a striking instance of physiological adaptation to physiologi- 
cal requirements. 


These observations represent the newer conceptions of the diaphragm 
as a muscular organ with a great work to do, balanced by an equally great 
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equipment making its function possible. It has seemed wise to present 
this aspect rather than to describe the gross anatomical relationship of 
the muscle, its origin and insertion or its microscopic appearance. These 
considerations are satisfactorily described in textbooks on anatomy and 
are accepted by all. They do not need detailed description. 


MOTOR NERVES 


Broman’s diagram of the embryological derivation of the diaphragm 
indicated that parts come from the sepium transversum, parts from the 
mesentery and pleuroperitoneal membrane, and, finally, parts from the 
wall of the body. It is this last point of derivation that has brought 
about uncertainty regarding the motor innervation of the diaphragm by 
the intercostal nerves. The diaphragm develops very early in embryonic 
life, well toward the head, and it migrates caudally, occupying different 
planes as it passes into the coelom to become one of the most important 
structures of those which divide the coelom into its several compartments. 
Broman’s diagram, utilized by Capps, shows that 


in the embryo a part of the diaphragm is a derivative of cervical myotomes 
which are displaced backwards as the diaphragm descends to its permanent 
level. These myotomes carry in their descent portions of the third, fourth and 
fifth cervical nerves, fusing into the phrenic nerve and originally containing 
both motor and sensory fibers. We may reason that the motor fibers continue 
their function in activating the diaphragm muscle, while the sensory nerves, 
through disuse, cease to register localized sensations in the diaphragm. Un- 
der strong stimulation, however, these afferent fibers of the phrenic nerve 
retain their ability to carry impulses to the cervical cord and thereby give rise 
to referred pain in the neck. 


The inferences seem to point to the probability that both the phrenic 
nerve and intercostal nerves take their part in the innervation of the 
diaphragm. There is no question that these nerves do penetrate the 
muscle. Perhaps they supply motor fibres to the muscle. Piersol, 
Cunningham and Schlaepfer have expressed the belief that the phrenic is 
the only motor nerve which activates the diaphragm. Morris expressed 
the belief that some of the lower intercostal nerves which contribute to 
the sensory innervation of the margin of the muscle may possibly also 
contribute slightly to the motor innervation. 

In my experimental work on dogs (16) the observations exactly agree 
with the observations of those who believe that the phrenic nerve alone 
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supplies the motor innervation to the diaphragm. In scores of experi- 
ments, over brief periods of time, and after years have elapsed, the ob- 
servations uniformly indicate this fact. When one phrenic nerve is 
sectioned in its entirety, either by evulsion through an incision in the 
neck, or by section using the transthoracic approach, half of the dia- 
phragm becomes immediately paralyzed in its every part from centre to 
periphery. The line of demarcation, as atrophy advances, becomes 
distinct, and exactly divides the diaphragm into two equal parts. The 
paralysis is as complete at the periphery and at the oesophageal entrance 
as at the vault, and is not affected by time. There is neither regeneration 
of muscle and restoration of function, nor cross innervation. I have re- 
peatedly taken sections from the paralyzed hemidiaphragm, at its point 
of juncture with the ribs, and have found as complete atrophy there as 
in other areas. This portion of the muscle is as pale, thin and translucent 
and as unresponsive to stimuli as any other area of the diaphragm. 
Microscopically, the muscle fibres in such a section are as much reduced 
in size, there is as much fatty degeneration, and as much evidence of 
nuclear clumping and of increased fibrous tissue as in any portion of the 
paralyzed hemidiaphragm. If the branches of the intercostal nerves 
innervate this peripheral portion, their usefulness would appear to be 
extremely slight, and insufficient to prevent atrophy equal to that in 
other and remote areas, or to permit of contraction when the muscle is 
stimulated. Muller reported a case described by Meisenzahl in 1925, 
in which excision of 34 cm. of the phrenic nerve produced hemidiaphrag- 
matic paralysis in a man who died a year later; at necropsy complete 
and uniform muscular atrophy was found in the half of the diaphragm 
that was affected. This indicated that, in man, the phrenic nerve sup- 
plies the only motor innervation to the diaphragm and the results agree 
exactly with my observations on dogs. 


SENSORY NERVES 


The work of Capps and Coleman has given the most exact information 
regarding the sensory innervation of the diaphragm. Their ingenious 
experiments and their convincing evidence permit of acceptance of their 
views on the subject. They found that the diaphragmatic pleura derives 
its sensory supply from the phrenic nerve and from the last six intercostal 
nerves. The central portion, however, is supplied only by the phrenic 
nerve, whereas the peripheral rim, and a segment corresponding to the 
posterior third of the membrane, are supplied by the sensory fibres of 
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the intercostal nerves. They showed that irritation of the central 
portion of the diaphragmatic pleura caused pain in the neck over an area 
represented by the distribution in the skin and superficial tissues of nerves 
from the third and fourth spinal segments. The maximal pain was 
found along the ridge of the trapezius muscle. ‘This is a true referred 
pain. The afferent impulses reach the spinal cord through the phrenic 
nerve, and produce impulses which are registered superficially in the 
third and fourth segmental distributions. The area in which there is a 
resulting sensation of pain is surrounded by a zone of hyperaesthesia and 
hyperalgesia, and is more sensitive to light than to firm pressure. They 
also found that irritation of the peripheral or the posterior portion of the 
diaphragmatic pleura produced a similar type of referred pain. This, 
however, was spread over the thorax and abdomen, and the lumbar 
region: that is, in the distribution of nerves from the seventh to the 
twelfth dorsal segments. 

The experimental conclusions of Capps and Coleman agree exactly 
with clinical experiences in relation to the reference of pain in disease 
conditions such as pneumonia, pleurisy, empyema, and subphrenic or 
hepatic abscesses. Similar correlation exists between clinical and ex- 
perimental observations relating to motor innervation. It may be ac- 
cepted for all practical purposes that the motor innervation to the dia- 
phragm is supplied by the phrenic nerve, and the sensory innervation 
by the phrenic nerve and the lower six intercostal nerves. 


ARTERIES 


An exact anatomical description of the arterial supply of the diaphragm 
is not necessary because it is well known and satisfactorily described in 
all standard textbooks. From a surgical standpoint it is important to 
know how this normally sufficient blood supply is affected by trauma 
resulting in muscular atrophy. ‘This is apparent in such surgical emer- , 
gencies as traumatic diaphragmatic hernia. Often it is advisable to 
paralyze the injured hemidiaphragm as an emergency procedure, with 
the expectation that the wound may be closed at a later and more oppor- 
tune time. Such a procedure can be carried out, and healing may be 
expected. In my experimental work I have not seen instances in which 
the blood-vessels have been affected by paralysis of the muscle. I have 
injected the vessels of the normal and of the paralyzed side with various 
materials, especially with mercury, and on studying roentgenograms 
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have been unable to note any narrowing of the lumina of arteries on the 
paralyzed side. 

Also, studies of fixed tissue from the paralyzed side have failed to give 
evidence of any histological variation from normal. My own evidence 
regarding the capillary bed is not conclusive. More study will be needed 
to justify a decision as to whether or not the capillary bed is affected. 
For practical purposes it may be assumed that there is insufficient de- 
viation from normal blood-supply to prevent or retard the healing of 
paralyzed muscle. 


LYMPHATIC SYSTEM 


The removal of particulate matter or pathogenic bacteria from the 
peritoneal cavity is the chief function of the diaphragmatic lymphatic 
system. Fluids also are removed, and both fluid and particulate material, 
by tortuous channels, broken here and there in their ascent by lymph 
nodes, ultimately reach the venous confluences of the collecting lymphatic 
vessels. Fluids and colloidal suspensions, as reported by Dandy and 
Rowntree, are removed by the blood-stream. 

There are certain contributing factors that assist in the removal of 
particulate matter by way of the lymph-stream. Florey found that in- 
traibdominal pressure of 3 to 5 cm. of water was caused by the respira- 
tory movements of the diaphragm. The intrathoracic pressure is 
negative to an almost equal degree. I found the negative pressure to 
vary in dogs from -2 to -6 cm. of water (16). The difference in pressure 
on the two sides determines the direction of the flow of lymph. Higgins 
and his associates (10) have expressed the belief that the constant fric- 
tion of the diaphragm with the dome of the liver, as the normal respira- 
tory movements transpire, is another factor facilitating absorption, and 
that this action may account, at least in part, for the much more elabo- 
rate lymphatic system on the right side. Forced respiration, secondary 
to exercise, aids in absorption, as also does massage over the abdomen. 
Gastrointestinal motility, or perhaps a motile omentum, may also be a 
factor which determines the degree and spread of absorption. 

The exact pattern of the lymph-channel can best. be seen by injecting 
particulate matter into the peritoneal space and observing the process of 
absorption which delineates the channels. I have always used a suspen- 
sion of finely divided graphite. It would appear from such an experi- 
ment, when both the gross and microscopic appearances of the diaphragm 
are studied, that there are no well-formed channels on the peritoneal 
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surface. Here the graphite is adherent to the peritoneum and gives to it 
a smoky appearance. It is uniform in its distribution, covers the whole 
surface, and cannot be removed by gentle friction. 

Microscopically, the particles are found to have insinuated themselves 
between the mesothelial cells and to have collected in the spaces between 
the muscle cells. From these tiny lymph-channels, the particulate ma- 
terial is carried to larger collecting vessels, between the muscle bundles, 
until it is deposited within the subpleural plexus of large lymphatic 
vessels, which are plainly visible. This transfer from the peritoneal 
surface to the subpleural vessels requires only from three to five minutes 
in normal animals and from ten to fifteen minutes in animals in which 
the hemidiaphragm has been paralyzed (22). 

Employing insufflation, with the dog under anaesthesia, a window in 
the lateral thoracic wall will provide an exposure permitting one to visua- 
lize the process of absorption. Two to three minutes subsequent to 
intraperitoneal injection of suspension of graphite into a normal dog, the 
vessels become apparent. They fill rapidly, and the blackened content 
can be seen coursing through them. The current is rapid. The long, 
parallel vessels of the periphery, that lie between the muscular fibres, 
pour their load of graphite into a plexus of vessels that pass along the 
outer margin of the tendinous portion of the diaphragm. ‘These tortu- 
ous and anastomosing vessels pass forward, and pour their stream into 
the substernal lymphatic channels at the juncture of the triangularis 
sterni muscle with the diaphragm. By this arrangement of vessels, 
fully 80 per cent of the material which passes through the diaphragm is 
carried by the subpleural lymphatic plexus to the ventral surface of the 
sternum. The major portion of this particulate matter had reached the 
subpleural lymphatics in a free state; a small part already had been en- 
gulfed by phagocytic cells. From the substernal lymphatics the load 
of particles of graphite is transported to lymph nodes, the efferent ves- 
sels of which anastomose across the middle line, so that ultimately the 
particles of graphite are deposited in the right lymphatic duct and in the 
thoracic duct, whence they are carried into the blood-current. 

Other vessels, however, help to make up the subpleural plexus of 
lymphatics. One passes backward over the vault of the diaphragm 
rather than coursing forward; thence it passes cephalad parallel to the 
vagus nerve, and finally reaches lymph nodes at the hilum of the lung. 
Another joins with a lymphatic channel parallel to the phrenic nerve. 
Another passes upward, joining the thoracic duct, and two others of 
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the main channels pass backward to pierce the diaphragm and to re- 
enter the abdomen. One of these finally pours its current into the retro- 
peritoneal lymph node adjacent to the kidney; the other enters the node 
in the splenic mesentery. These nodes communicate by efferent vessels 
with the receptaculum chyli, and it, in turn, pours its content into the 
thoracic duct. The lymphatic system of the right side is always much 
more complicated, and the vessels are of much larger size than those of 
the left side. Evidently, the greater amount of absorption occurs 
through the right hemidiaphragm. 

A more detailed description of this elaborate system of lymphatics 
can be found in papers by Higgins and Graham, Lemon and Higgins, 
and Higgins, Beaver and Lemon. Here also comparisons are made of 
the absorption of particles under both normal conditions and following 
paralysis of the muscle. 


PHYSIOLOGICAL ASPECTS 


It has seemed to me that the diaphragm has three main functions: 
a primary function as a pressor organ, and a secondary function as a 
respiratory organ, and, combined with these and related to both, is its 
function of providing a partition between the two main coelomic cavities. 
There are also subsidiary functions that are related to the vital capacity, 
the circulation of the blood, the blood-pressure, and the action of the 
oesophagus. 
In a former study (19), I concluded: 


It would appear from the study of comparative anatomy that structures simi- 
lar to the diaphragm play varying parts in respiration, acting as expiratory, as 
inspiratory, and at other times as both expiratory and inspiratory organs. 
Without doubt, higher forms of animals, possessing true lungs and equipped 
with musculature which provides efficient respiration, breathe without 
the aid of a diaphragm. It is likewise true that a perfected diaphragm 
coincides with a mechanism developed to support high intracelomic pressure. 
All of these facts lead one to believe that the providing of pressure is the 
chief and primary function of the diaphragm and that its purpose as a 
partition is to allow the increased: pressure to act on abdominal viscera, per- 
mitting them to discharge their contents (fecal matter, urine and offspring) 
while at the same time the heart and lungs are spared the effect of the same 
pressure. 


In this paper I shall make no further reference to the primary function 
but shall devote attention to the respiratory and allied functions which I 
have already enumerated. 
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To place the diaphragm best in its proper place as a respiratory organ, 
I shall describe two experiments in detail. The first is designed to show 
the great importance and potential usefulness of the diaphragm; the 
second to illustrate how competent the respiration remains if the dia- 
phragm is excluded as a respiratory organ. 

In the first experiment, under proper surgical conditions, one of the 
phrenic nerves is evulsed through an incision in the neck. No very 
dramatic result is seen. When the wound is healed, the dog appears to 
be normal in all respects. His thorax is symmetrical, his respiration is 
even and unlabored, and the extent of movement of the thoracic wall is 
the same on both sides, whether this is measured at the axilla, at the cos- 
tal arch, or at the costal margin. Release, by paralysis, of the normal 
pull of the diaphragm, should theoretically provide greater excursion of 
the costal arch and a widened subcostal angle, but this fails of expecta- 
tion. Respiratory acts are guarded round about by a tremendously 
efficient compensatory mechanism. ‘The animal, after unilateral phrenic 
neurectomy, is healthy and well, using a normal amount of tidal air and 
having a normal vital capacity. He can play and run, and carry on all 
the usual daily activities required in a normal existence. 

If now one transects the spinal cord at a level of the sixth cervical ver- 
tebra, a different picture occurs immediately. Vital capacity is reduced 
almost but not quite to the amount of tidal air usually breathed to 
maintain life. The animal is completely paralyzed, but he lives, and his 
life endures indefinitely under careful attention. I have kept a dog alive 
for many days under these conditions. Respiration is competent to 
maintain life when its mechanical equipment is reduced to half of the 
diaphragm. Such an experiment adds enlightenment to the claims made 
for the competency of this muscle by Lee and his associates, whose work 
I have quoted in the beginning of this paper. 

In the second experiment an animal is operated on at various inter- 
vals of time. One phrenic nerve is evulsed, and within a week the sec- 
ond phrenic nerve is likewise evulsed. A spectacular result is not appar- 
ent, either in the behavior of the animal or in its physiological status. 
It is temporarily dyspnoeic on exertion, but not cyanotic; its pulse-rate 
and respiratory rate at rest are quite within normal limits, and it enjoys 
itself and performs its normal activities without difficulty. After a 
longer time, one may sever the paralyzed diaphragm from its attachment 
to the two costal arches. Now there is an immediate drop in respiratory 
efficiency, and dyspnoea occurs during rest. Accommodation promptly 
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occurs, and soon the animal is again active and living comfortably. 
Again, it may be operated on and this time a large portion of the dia- 
phragm actually may be removed. There is an immediate critical per- 
iod when dyspnoea and even cyanosis appear as a result of lowered vital 
capacity; but competency will be established once more, and the animal 
lives for years as a normal dog. One such animal has lived for three 
years and is still healthy. It is dyspnoeic now if placed on its back. 
This dog had the added disability resulting from section of eleven inter- 
costal nerves on one side and eight on the other. 

Such an experiment illustrates better than any other demonstration 
how abundantly capable is compensation. Respiration can be compe- 
tent, whether half or the whole diaphragm is paralyzed, or even when the 
diaphragm has been removed and no longer prevents encroachment of 
abdominal viscera on the organs of respiration and of circulation. When 
spirometric readings were taken, the figures obtained would indicate that 
the respiratory function was adequate to supply sufficient ventilation 
under all these conditions, and that vital capacity provided for a normal 
amount of tidal air. 

It is true that too close application cannot be made of all the results 
obtained experimentally when healthy animals are used. Either normal 
or diseased human beings may react somewhat differently, but in the 
main the reaction and results are surprisingly similar. As early as 1925, 
Gamble, Pepper and Muller did not hesitate to paralyze the phrenic 
nerves of a patient suffering from hyperventilation due to tic or spasm of 
the diaphragm occurring as part of a postencephalitic respiratory syn- 
drome. This man was well three years and nine months later. Muller 
has caused bilateral phrenic paralysis several times since then. Dow- 
man, who paralyzed both phrenic nerves for a similar cause in 1927, 
remarked: ‘“The absence of any distressing symptoms following block- 
ade of both phrenic nerves is an observation of practical clinical interest. 
Such a procedure has been recommended as a means of putting the lungs 
more or less at rest in cases of pulmonary tuberculosis, and would seem to 
have the element of safety.” 


ATROPHIC CHANGES FOLLOWING PARALYSIS 


If one uses the technique that has been described, in which separation 
of the ribs permits a view of the movement of the diaphragm, one may 
be able to study the immediate result of unilateral phrenic neurectomy. 
If the phrenic nerve is grasped in its course along the pericardium, it 
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may be sectioned easily. Then, at once, paralysis of the hemidiaphragm 
occurs; it rises in the thorax and it is immobile, or moves in a paradoxical 
direction, or has slight movement in a normal direction. Muller stated: 


The muscular tone of the diaphragm persists only as long as the motor nerve 
supply is intact. The expansion of the diaphragm persisting after complete 
motor paralysis of the diaphragm is not due to muscular tone governed by 
some special nerve supply but to the action of outside forces: the traction of 
the lungs, the pressure of the abdominal organs and the traction of half of the 
diaphragm on the other in cases of unilateral phrenicotomy or blocking of the 
phrenic nerve. 


If an animal used to demonstrate the phenomena outlined is killed, it 
will be found that a state of irritability has begun. The muscle is acutely 
sensitive to stimulation, and the peripheral end of the cut nerve shows 
similar hypersensitivity. The muscle fibrillates briskly after its removal 
from the body. If unilateral phrenic neurectomy has been performed on 
a series of animals, all the stages of atrophy may be studied by despatch- 
ing them after various intervals of time. Variation, including all the 
stages from normal appearance to one of advanced atrophy, can be seen. 
For three days after neurectomy gross changes cannot be demonstrated, 
and microscopically the muscle appears normal. After this time atro- 
phy becomes evident and structural differences become recognizable. 
This is represented by oedema and pallor of the muscle; instead of a 
normal reddish color, the muscle takes on a grayish-pink shade. This 
change is definitely distinguishable between the first and second week 
following phrenic neurectomy. At the same time, the hyperirritability 
of the muscle and of the cut end of the nerve become less apparent after 
stimulation. Fibrillary twitchings become less violent on removal of 
the diaphragm from the body, and the vertical median line, marking the 
exact limits of the phrenic fibrils on the two sides, is evident. Micro- 
scopically, the muscle fibres show evidence of shrinkage. By the four- 
teenth day fibrillary twitchings and muscular response to stimulation 
and to stimulation of the distal end of the sectioned nerve have almost 
entirely disappeared. 

Atrophy is well developed after a month’s time has elapsed following 
neurectomy. The color is faded to slight pink, the thickness of the mus- 
cles is reduced by approximately half of normal, and microscopically the 
muscle cells are reduced about half in size. The nuclei appear numerous 
and clumped, and fatty tissue becomes abnormally large in amount. 
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Complete atrophy occurs in animals that have been operated on five 
months previous to examination. The contrast between normal and 
abnormal sides of the diaphragm is most striking. On the normal side 
the muscle fasciculi are red, thick and conspicuous, the contraction re- 
sulting from stimulation is immediate and vigorous, and the muscle 
fibrillates briskly. On the abnormal side, only close observation serves 
to distinguish between the pearly white of the central tendon and the 
faint grayish-pink of the musculature. There is a parchment-like thin- 
ness of this side; it is translucent and immobile. All fibrillary twitch- 
ings are gone, as well as responses to direct stimulation or to stimulation 
of the shrunken fibrous cord that represents all that remains of the 
phrenic nerve. The atrophy in every case that I have examined is 
limited to exactly one leaf of the diaphragm; the whole hemidiaphragm, 
from centre to periphery, is paralyzed, and there is neither evidence of 
nerves coming from the uninjured side to the paralyzed side nor of 
regeneration of nerves on the paralyzed side. 

Sections in these cases of advanced atrophy, when stained by such 
connective-tissue stains as Van Gieson’s or Mallory’s, reveal a fibrous 
structure completely devoid of normal muscle cells (10). ‘The contrac- 
tile tissue had disintegrated, and scattered, distorted nuclei were closely 


compressed between the residual connective tissue fibrils.” Figures 6, 
7 and 8, in the article by Higgins, Beaver and Lemon, illustrate the gross 
and microscopic appearance in instances of extreme atrophy. Such 
complete and uniform muscular atrophy has been reported from observa- 
tions on man at necropsy. In fact, by assembling all such evidence, it is 
apparent that the description of the various stages of atrophy in dogs is 
equally satisfactory for man. 


INFLUENCE ON MOVEMENTS OF THE THORACIC WALL, VOLUME OF THE 
THORAX AND CIRCULATORY PHENOMENA 


In a former paragraph I described the results on the movements of the 
thoracic wall following phrenic neurectomy. Theoretically, the dia- 
phragm should oppose the outward movement of the costal arch; when 
the diaphragm is paralyzed, the outward movement of the costal arch 
should be increased in amplitude, and the subcostal angle consequently 
should be enlarged. The volume of the thorax is enlarged with each 
inspiration, and the degree of negativity of intrathoracic pressure is 
increased, because the contractions of the diaphragm increase the long 
diameter of the thorax. I have repeatedly noted that after paralysis of 
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the diaphragm, the thorax, of both the dog and man, remains symmetri- 
cal, and there is no deviation from normal of the respiratory excursions. 
If the diaphragm is the only part of the mechanical equipment of res- 
piration which remains, as it is when the spinal cord of a dog is tran- 
sected at the level of the sixth cervical vertebra or when a man sustains a 
broken neck at the same level, then the respiratory movement of the 
costal arch is outward, as usual, whereas the upper part of the thorax 
moves inward with each inspiration. The outward movement is caused 
by the increase in intraibdominal pressure brought about by the descent 
of the diaphragm and the indrawing of the upper part of the thorax by 
the increase in the negativity of pressure which causes suction against 
the yielding thoracic wall. In some instances, the whole thoracic wall 
is drawn inward, with inspiration. Evidently, the pressure within the 
abdomen is ineffectual in overcoming the traction of the diaphragm and 
the increased negativity of intrathoracic pressure. The relatively long 
thorax of the dog which covers a large part of the upper part of the abdo- 
men makes the former mechanism more common than in man. Moore 
quoted figures which tend to show that the rise of the diaphragm in 
paralysis decreases the capacity of the lung from a fourth to a third, or 
from 400 to 800 cc. My own experience, however, tends to show that 
the decrease in animals is much less than in man, because, relatively, the 
paralyzed part of the diaphragm does not rise as high. Given time for 
compensation, and a normal or only slightly diseased lung, paralysis of 
one phrenic nerve does not materially affect the vital capacity in either 
man or animal. 

I did not find any observable change (17) in the movements of the 
thorax as a whole, or of the diaphragm, in animals, following even severe 
types of operation on the upper part of the abdomen. Every one recog- 
nizes that a different result obtains in man, and there are many reasons 
for this, some of which I have referred to elsewhere. Muller and his 
associates were able to give more exact details regarding the effect on 
man of postoperative procedures: 


However, in this study, the various physical measurements demonstrate more 
concretely the extent of this postoperative depression in pulmonary ventila- 
tion. The reduction of 79 per cent in chest expansion and the limitation of 66 
per cent of the diaphragmatic excursion would indicate that a great portion of 
the reserve of the external respiratory forces was lost for a variable time follow- 
ing operation. The constant high position of the diaphragm with the tidal 
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fluctuations occurring in the upper third of its possible range of motion illus- 
trates the mechanical disadvantage imposed on the diaphragm after upper 
abdominal operations. 


Inasmuch as the diaphragm is one of the movable portions of the thora- 
cic wall, it is obvious that it takes its share in producing alterations in 
the capacity of the thorax and consequently in the variations in negativ- 
ity of intrapleural pressures. This not only brings about respiratory 
acts but it creates a respiratory pump which facilitates the return of 
venous blood to the heart. Paralysis does not, however, decrease the 
circulation within the lung, regardless of whether one or both sides of 
the diaphragm are rendered functionless. I have studied this problem 
by histological methods. My results have been confirmed by the re- 
searches of associates. 

Anything, however, which creates rhythmical variations on the 
amount of blood entering the thorax tends to create variations in blood- 
pressure, and these variations occur during both inspiration and expira- 
tion. Also variations are produced by both abdominal and thoracic 
breathing; so that the end result, or effect, of combined breathing be- 
comes the algebraic sum of the opposing influences. 


RESULT OF LOSS OF DIAPHRAGMATIC FUNCTION ON PULMONARY INFECTION 


Acting on the hypothesis that the lung on the side of a paralyzed hemi- 
diaphragm is placed in a condition of definite rest, relative to the lung 
on the sound side, various observers have believed that the resting lung 
would be less easily infected. It is an established fact that phrenic neu- 
rectomy does produce marked improvement in cases of pulmonary dis- 
ease, whether the disease is tuberculous or nontuberculous. Alexander 
has studied both hypotheses and established aspects of the relation be- 
tween infection of the lung and its resting state as produced by neurec- 
tomy. He wrote, in part, as follows: 


In medium-sized rabbits, Warshat injected into the ear vein 0.001 gm. of at- 
tenuated living tubercle bacilli either on the day of, or on the day before or 
after operation. Those animals that survived long enough for observation 
showed fewer and smaller tubercles in the lung of the operated side and often 
the upper lobe contained no tubercles at all. The opposite lung had many. 
Control animals showed a more equally bilateral distribution of the lesions. 


It would appear that perhaps the resting lung is somewhat less easily 
invaded than the normal one. I cannot offer quite so optimistic a report 
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regarding the ease with which particulate matter or bacteria reach the 
smaller bronchial divisions. I assume that, in disease of the lung, as- 
piration of bacteria or blood from the infected focus is one of the means 
by which dissemination to distant parts takes place. If that is true, 
then paralysis does not protect against the danger of aspiration. In an 
anaesthetized dog that has had one phrenic nerve evulsed, aspiration of 
particulate matter of whatever type that one may choose, and that has 
been placed in the mouth, occurs quite as readily into one side as the other 
and the bronchial tree on the operated side is filled quite as completely. 
That the degree of pulmonary rest that is produced by phrenic neurec- 
tomy will save a tuberculous patient from the risk of aspiration of either 
sputum or blood, bearing tubercle bacilli, is not likely. It is a sounder 
faith that leads one to expect that the degree of rest is sufficient to per- 
mit a more favorable prognosis regarding disease already present. 


EFFECT OF DIAPHRAGMATIC MOVEMENT ON THE OESOPHAGUS 


The functions of the diaphragm that have been enumerated and de- 
scribed are those that are more commonly recognized. It is possible that 
others may be overlooked or insufficiently evaluated. To this group be- 
longs the constrictor action of the muscle at the gastroesophageal junc- 
tion. Jackson and his associates called attention to this first and de- 
scribed it as a pinch-cock effect. 

Joannides (13) (14) recently added his observations which in his 
opinion lend support to the belief that the diaphragm affects the action 
of the oesophagus. 

Joannides summarized his conclusions by stating: 


There is an intimate relationship between the pillars of the diaphragm at the 
hiatus oesophageus and the gastro-esophageal junctures. The pillars exert a 
milking contraction on the gastro-esophageal juncture and thus prevent the 
gastric contents from spilling backward into the esophagus. 

The milking contraction is observed after stimulation of the pillars of the 
diaphragm or after stimulation of the trunk or the branches of the phrenic 
nerve in the immediate neighborhood of the pillars. 


Inasmuch as these actions do not occur from stimulation of the vagus 
nerve and cannot be made to appear when the phrenic nerves have been 
sectioned, it would appear that an addition has been made to the com- 
monly accepted views relating to diaphragmatic function. It appears 
to me that more work will be necessary before too direct application of 
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these interesting observations is made. In the future, new conceptions 
regarding the mechanical action and the function of the diaphragm un- 
doubtedly will appear. The results of surgical interference, which have 
been so satisfying, will require more and more study, so that new view- 
points will be developed, and finally it is presumable that a satisfactory 
and complete description of the anatomy and physiology of the dia- 
phragm may be possible. I have contented myself with presenting, not 
a text-book description of either phase of the subject, but rather a com- 
pilation of the clinical and experimental observations that have helped 
clarify knowledge of the diaphragm with regard to both its anatomical 
and its physiological aspects. 
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HERNIA OF THE MEDIASTINUM! 


Report of 2 Cases 
CHARLES C. HABLISTON 


To the operator engaged in pneumothorax therapy, who fails to con- 
stantly observe his patients under the fluoroscope, much of great interest 
and utmost importance is hidden. Not only may the question of fluid, 
the type and character of collapse secured, and the amount of pulmonary 
expansion in the collapsed lung during the various phases of respiration 
have a direct bearing on the amount and frequency of refills, but the dis- 
placement and the movement of the mediastinum during respiration may 
directly answer the symptoms of the patient and dictate the procedure 
of the operator. 

Herniation of the mediastinum, while not frequently reported, is in all 
probability of greater occurrence than the literature on the subject would 
lead one to believe. Packard’s (1) review of the literature in January, 
1927, revealed only 30 cases exclusive of 9 cases of his own, all occurring 
in the course of therapeutic pneumothorax. 

Subsequently, in addition to the reported cases occurring during the 
course of artificial pneumothorax, mediastinal hernia has been reported 
in a case of encapsulated empyema (Blum (2)), and in spontaneous pneu- 
mothorax due to tuberculosis, due to emphysema (Frugoni and Avezzu 
(3)), and due to primary pleural mesothelioma (Heise and Trudeau (4)). 

The displacement of the heart and mediastinum toward the contra- 
lateral side is a natural consequence of pneumothorax. In addition to 
this expected shift in structures, occasionally there is a protrusion of the 
pneumothorax cavity, past the median line and encroaching upon the 
pulmonary space of the contralateral side. Nitsch (5) has shown that 
there are two “weak spots” in the mediastinum, the upper “weak spot”’ 
lying between the ist and 3rd ribs anteriorly, the site of the atrophied 
thymus gland. He found that a hernia in this area could be produced by 
creating a pneumothorax in the cadaver. The other ‘weak spot” lies 
between the 5th and 10th dorsal spines posteriorly. Sauerbruch has 


1From the Tuberculosis Department of the Baltimore City Hospitals, Baltimore, 
Maryland. 
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pointed out the infrequency of hernias in this locality and states that when 
they do occur they are from right to left. It would be interesting to 
check up the frequency and location of Grocco’s sign in effusion as 
possibly occurring because of this weakness in the mediastinal structure. 
Of the cases reviewed by Packard, 38 occurred in the upper and anterior 
mediastinum, and only one, that of Brauer (6), in the lower posterior 
portion. The rarity of the demonstration of herniation in the lower 
posterior mediastinum may be due to the fact that it can readily be over- 
looked during fluoroscopic and roentgen examinations, because of the 
superimposed heart shadow. 

The infrequency of the occurrence of mediastinal hernia may be attrib- 
uted to the mediastinal structures being rendered rigid by inflammatory 
disease, to pulmonary adhesions, and also to the fact that the diseased 
lung, collapsed, and in many instances lying in direct apposition to the 
mediastinum, adds dense tissues to the structures of the mediastinal 
“weak spots.” 

Clinically the symptoms of some pain may be experienced by the patient; 
dyspnoea is the most prominent feature, and cardiac “palpitation” has 
also been complained of. 

The physical findings are typically those of pneumothorax. A hyper- 
resonant note is found along the sternal border, contralateral to the 
pneumothorax side, and, more typical, the breath-sounds, while markedly 
subdued, show an exquisite amphoric tone, as evidenced by the character 
of the whispered voice-sounds. 

Fluoroscopic examination reveals a very striking picture. The hernia 
of the mediastinum appears as an evident bulge of light with a curving 
border, encroaching upon the normal area of the opposite lung. The 
most striking phenomenon is the behavior of the hernia during the phases 
of respiration. It appears at its greatest during forced expiration, and 
is either reduced markedly in size, or entirely disappears, on full inspira- 
tion. This shift of the sacculation is very obviously due to the pleural 
cavity being drawn to the pneumothorax side during inspiration, by in- 
crease in capacity of the thorax, in response to the movement of the ribs 
and the descent of the diaphragm. This is graphically expressed by the 
manometer readings, the greatest negative pressure being registered 
during inspiration. 

It is important in roentgen examinations to take films in expiration; 
otherwise herniation may not be demonstrable. The probability sug- 
gests itself that the infrequency with which this condition has been re- 
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ported may be due to the fact that roentgen films of the chest are rather 
universally taken in full inspiration routinely. 

The effect of the various phases of respiration on hernia of the medias- 
tinum is shown in figures 1 and 2. 

The appearance of this condition is a signal to the pneumothorax 
operator to immediately “reduce” the hernia by aspiration of air from 
the pneumothorax cavity, if symptoms be urgent; or to decrease the 
amount of size of refills at a lower pressure, at the same time lengthening 
the interval between them. Evidence in the literature is to the effect that, 
once reduced, the hernia has little tendency to recur and that the thera- 
peutic collapse can be cautiously continued. The importance of its dis- 
covery is stressed by the fact that immediate deaths have been reported 
from spontaneous rupture of the hernia into the contralateral pleural 
cavity, with the production of bilateral pneumothorax or hydropneu- 
mothorax (Walsh (7) and Jones (8)). 

The pertinent facts contained in the literature regarding mediastinal 
hernias are as follows: 


1: The occurrence is usual in the young, the age favoring a flexible medias- 
tinum. 

2: In the vast majority, the occurrence is through the upper and anterior 
mediastinal ‘weak spot.” 

3: Hernias have been seen usually following large refills of 500 to 1000 cc. and 
in the presence of highly positive intrapleural pressures. 

4: It may, however, occur in the presence of definitely negative intrapleural 
pressures. 

5: Undue dyspnoea is the most prominent symptom, which is relieved by as- 
piration of the pneumothorax cavity. 

6: Large hernias may cause urgent symptoms and even death. 

7: Rupture with the fatal production of bilateral pneumothorax may occur. 


Report of Cases 


Case 1: E. L., female, age 20, was subjected to therapeutic collapse of left lung 
in February, 1930, because of tuberculosis which was rapidly extending in 
spite of absolute bed-rest. An excellent collapse was obtained with the clinical 
results also excellent, the patient being practically symptom-free in four 
weeks’ time. The average refill had been 400 cc. once a week, the intra- 
pleural pressure prior to refill averaging minus 2 to minus 4, and, after refill, 
minus 2 to zero. Early in April the patient complained of an unusual degree of 
dyspnoea following refill, when 500 cc. had been given, and when the intra- 
pleural pressure had for the first time been brought to a slightly positive one. 
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Dull pain was also experienced in the anterior chest. Examination revealed 
the signs of complete pneumothorax on the left. The breath-sounds were 
scarcely audible, but there was a distant and exquisite amphoric quality to the 
whispered voice. The heart was rather widely displaced to the right. The 
right lung revealed no abnormal signs, except in the upper chest anteriorly, 
between the first and third ribs close to the sternum. Here the note was full 
and resonant, the breath-sounds were markedly subdued, and the same ex- 
quisite amphoric tone to the whispered breath-sounds was elicited. 

Fluoroscopic examination revealed the left lung well collapsed. An insignifi- 
cant amount of fluid was evident in the costophrenic angle. The heart and 
mediastinum were rather widely displaced to the right. Flexibility of the medi- 
astinum was apparent by its movement during respiration. Above the heart 
area, a semicircle of light with perfectly defined edge was visible, appearing as a 
bulge or “bubble,” extending beyond the right sternal border, and appearing to 
occupy nearly one-half of the area of the upper lobe. This bulge or semicircle 
decreased markedly in size, contracting toward the pneumothorax side on in- 
spiration, and appearing at its greatest on expiration. 

Immediate aspiration of the pneumothorax cavity was performed with relief 
of dyspnoea. It is interesting to note that this examination was made one 
week after the last refill, and that the intrapleural pressure prior to aspiration 
was minus 1 to minus 3. The roentgenogram taken after aspiration with 
thorax at rest is reproduced in figure 3. 

- Refills were now reduced in amount, and the interval lengthened to ten days, 
with disappearance of the hernia. No evidence of it was again obtained until 
May 12, when it recurred following a refill of 300 cc., but to a much less degree 
than previously noted. The last refill was performed May 23, when 350 cc. 
of air were given without the appearance of hernia. It is highly probable that 
hernia of the mediastinum will not again recur in this patient. 


Case 2: J. M., age 20, white male, had the right lung partially collapsed on 
February 2, 1930, because of extensive unilateral tuberculosis. A satisfactory 
collapse could not be obtained because of the adherence of the upper lobe to 
the lateral parietal pleura. Weekly refills were given, averaging 450 cc., bring- 
ing the intrapleural pressure to zero, plus 2. A moderate pleural effusion devel- 
oped, which was aspirated and replaced by air. After each refill the patient 
complained of considerable thoracic pain. In April dyspnoea was experienced 
after refill. 

Examination showed signs of pneumothorax of the right chest. No fluid 
was evident on physical examination. The heart was widely displaced to the 
left. The left lung was clinically clear with the exception of an area of distant 
and amphoric breathing along the left sternal border between the first and 
third ribs. 
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Fic. 3. ROENTGENOGRAM OF CASE 1, TAKEN WITH THORAX AT REST, SHOWING HERNIA THROUGH UPPER AND ANTERIOR MEDIASTINUM 


No hernia visible. Note the flattening of diaphragm and its position, p imity of partially collapsed lung to the chest-wall, and the very moderate 
displacement of heart and mediastinum. 
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Fluoroscopic examination revealed partial collapse of the right lung. Asmall 
amount of fluid was apparent in the costophrenicangle. The heart and medias- 
tinum were displaced well to the left and the latter’s flexibility was apparent by 
its movement during respiration. Above the heart area an arc of light with well 
defined edge was visible, disappearing behind the shadow of the mediastinal 
structures on inspiration, and appearing at its greatest during expiration. This 
alternate contraction and expansion of the hernia, and the mediastinal flexi- 
bility were enhanced by the movement of a group of calcified lymph nodes 
at the left hilum, which also disappeared into the mediastinal shadow on 
inspiration and moved outward into clear view in the left lung-field behind 
the hernia on expiration. Roentgenograms taken in inspiration, in mid- 
expiration and full expiration, demonstrated the presence of the hernia and are 
reproduced in figures 4, 5 and 6. 


CONCLUSIONS 


1. Hernias of the mediastinum, while occurring in the vast majority 
of cases during the course of artificial pneumothorax, have also occurred 
in cases of spontaneous pneumothorax of varied aetiology. 

2. The possibility of mediastinal hernia should be considered when a 
patient, in the course of artificial pneumothorax, develops the symp- 


toms of dyspnoea, pain and cardiac disturbance. 

3. When occurring, aspiration of the pneumothorax cavity should be 
performed and the pneumothorax continued cautiously, with refills 
of smaller amounts, under reduced pressure and at longer intervals. 

4. One case, reported above, had recurrence after reduction of the 


hernia. 
REFERENCES 


(1) Packarp, E. N.: Hernias of the mediastinum during the course of artificial pneu- 
mothorax, Arch. Surg., 1927, xiv, pt. 2, 306. 

(2) Brum, R.: Mediastinal hernia in case of encapsulated pleural empyema, Fortschr. a.d. 
Geb. d. Réntgenstrahlen, 1929, xxxix, 474. 

(3) FrucoNnrI AND AvEzzu: Left spontaneous pneumothorax from emphysema from valve, 
with anterosuperior mediastinal hernia, Gior. Med. dell’ Alto Adige, 1929, i, 3. 

(4) Hetsz, F. H., anp TRUDEAU, F. B.: Primary pleural mesothelioma. Case with pneu- 
mothorax and mediastinal hernia first symptom, Amer. Rev. Tuberc., 1927, xvi, 
92. 

(5) Nitscw: Beitr. z. Klin. d. Tuberk., 1911, xviii, 1 (quoted by Packard). 

(6) Braver: Handbuch der Tuberculose, ed. 3, ii, p. 489 (quoted by Packard). 

(7) Watsu, J.: Artificial pneumothorax with necropsy. Report of 7 cases, Amer. Rev. 
Tuberc., 1924, ix, 337. 

(8) Jones, R. G.: Rupture of mediastinum. Report of case during artificial pneumothorax, 
Southwestern Med., 1919, ii, no. 7, 4. 


THE COURSE OF TUBERCULOSIS IN THE LUNGS! 


Its Bearing on the Indications for Artificial Pneumothorax and the Incidence of 
Tuberculous Pneumothorax in the Right and Left Lungs 


ELI H. RUBIN? 


In the majority of cases chronic pulmonary tuberculosis makes its 
initial appearance in the upper part of the right lung. As the disease 
progresses, the left lung shows an increasing incidence of involvement, 
and, when the tuberculous process is advanced, there is a preponderance 
of active tissue destruction in the left lung. In male patients, particu- 
larly, the earliest manifestations of pulmonary tuberculosis are more 
often detected in the right lung, whereas in female patients, although an 
older lesion can usually be found in the right lung, the disease is apt to 
be in an advanced stage at the time of the first examination, with a con- 
sequently greater involvement of the left lung. These observations are 
strikingly illustrated when large numbers of patients are classified 
according to the stage of the disease, as shown in table 1. 

Pulmonary tuberculosis does not pursue an even course. The site of 
activity vacillates from one lung to the other or from one portion of a 
lobe to another, receding in one place and advancing in the second. This 
interplay of progression and recession is best visualized in serial roent- 
genograms of patients under observation for long periods of time. Simi- 
lar occurrences are occasionally met with in patients with extrapulmonary 
complications, such as osteoarticular, lymph-glandular or skin tubercu- 
losis. When the disease is active in the skin, lymph node or joint, it is 
almost invariably quiescent in the lungs. On the other hand, in the 
presence of progressive disease in the lungs, extrapulmonary localizations 
tend to be inactive, or they may even show signs of healing. During the 
course of the disease one may see several episodal fluctuations in the sites 
of tuberculous activity, at any period of which a generalized miliary 
tuberculosis may supervene. We have recently seen an excellent 
example in a patient with pulmonary and osteoarticular tuberculosis, 


1 From the Tuberculosis Division of the Montefiore Hospital, New York, Dr. Maurice 
Fishberg, Chief of Division. uy 
? Gibson Student in Tuberculosis, Montefiore Hospital. 
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whose disease could be studied consecutively for a period of seven years 
in the Montefiore Hospital. 

The course of chronic pulmonary tuberculosis, with the characteristic 
shifting in the type of activity from one part of a lung to another, or 
from one lung to the other, or from an extrapulmonary focus to that in 
the lungs appears to be, in essence, a clinical corollary of the Koch 
phenomenon. When the disease is slowly recessive, it may seem that 
healing is universal. When the disease is rapidly progressive, it may 
seem that caseation and ulceration govern the entire picture. Clinically, 
tuberculosis in the lungs, larynx, intestines and in other sites often shows, 
simultaneously, evidences of healing or progression, depending upon the 


TABLE 1 
Right- and left-sided predominance in various stages of pulmonary tuberculosis 


STAGE 1 STAGE 2 STAGE 3 


Right | Left | Right | Left | Right | Left 


Williams (1) Both 287 | 168 53 


sexes 


Strandgaard (2)...: Males 348 | 78 179 
Females 319 59 182 


667 | 137 361 
Tecon and Aimard (3) 374 | 142 269 


Cavalcanti (4) 111 58 159 


1,439 | 505 |1,171 | 934] 579} 842 
Percentage right and left............| 74% | 26% | 56% | 44% | 41% | 59% 


chronicity or acuteness of the disease process. In reality, we feel that 
just as the two processes, in variable degrees, coexist in every tuberculous 
focus, there may likewise be a predominance of reparative processes in 
one organ or part of an organ and, at the same time, there may be a 
predominance of destructive processes in other locations. Since the 
ultimate evolution of the disease depends, primarily, upon the state of 
immunity of the body as a whole and, to a lesser degree, on the specific 
immunity of the organ involved, these finer immunological vacillations 
often escape clinical observation. Sternberg (5) suggested that the 
immunity enjoyed by certain organs is associated with the embryogenetic 
derivation of the individual organ. Immunological antagonism is, 
possibly, greater, and can therefore be detected more easily, between 
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organs derived from different Anjages than between organs derived from 
thesame Anlage. Atleast, it is an interesting speculation. 

When tuberculosis has been present in a lung in a state of quiescence or 
apparent arrest for a considerable period of time, during which interval 
healing of some degree may have taken place, there is frequently a spread 
of the disease to the contralateral lung. The acuteness of the relapse, as 
evidenced by symptoms and physical signs, is often in striking contrast 
to the benignity of the disease before extension to the second lung had 
taken place. When the disease extends, caudally, in the same lung, 
after a similar period of quiescence, the course is usually not as fulminat- 
ing as when the disease spreads to the opposite lung, especially when it 
is, clinically, free of disease. In general, it may be said that secondary 
extensions in the course of chronic pulmonary tuberculosis are more acute 
than initial implantations. Because of the massive involvement of the 
second lung, the disease in the first may be mistaken for a secondary 
deposit. Such acute flare-ups in the course of the disease frequently 
assume the characteristics of an exudative tuberculous bronchopneu- 
monia, with predilection for the midzonal region of the contralateral 
lung, and occur in patients who, unfortunately, believed their disease 
was under control. 

Because the right lung is more often the seat of the initial localization 
of the disease, secondary extensions, such as we have described, occur 
more often in the left lung. This, in our opinion, probably accounts for 
the greater frequency with which artificial pneumothorax is indicated 
for the compression of the left lung and for the greater frequency of its 
spontaneous rupture. Several reasons have been given to explain the 
relatively greater benignity of tuberculous lesions in the right lung as 
compared to similar lesions in the left lung, but no explanation, to our 
knowledge, has correlated the relative frequencies with which the right 
and left lungs are predominantly involved in the various stages of pul- 
monary tuberculosis and the characteristic course of the disease with the 
incidence of left-sided and right-sided pneumothoraces. 

Fishberg (6) considers the interlobar fissures of considerable importance 
in controlling the extension of tuberculosis in the lungs. The roentgeno- 
gram frequently reveals a thickened interlobar septum, the remains of an 
old pleurisy, demarcating a cavernous lesion in a retracted upper lobe 
from relatively unaffected lung tissue below it. Since the right lung has 
two fissures, it is quite likely that they are instrumental to some degree in 
controlling contiguous extension in the right lung and this may explain 
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the greater benignity of right-sided lesions. It has been suggested, also, 
that the smaller size of the left lung, the smaller calibre of its bronchi, the 
left-sided location of the heart and the greater mobility of the left leaf 
of the diaphragm may have an unfavorable influence on the course of the 
disease in the left lung. The tendency, however, for pulmonary tuber- 
culosis to localize initially in the right lung and the vacillating course of 
the disease are sufficient to explain the greater frequency of acute left- 
sided extensions of the disease in patients who have inactive, fibrotic 
tuberculosis in the right lung. These are the types of patients in whom 
artificial pneumothorax is frequently indicated to control the spread of 
the disease and in whom tuberculous pneumothorax is a dreaded compli- 


TABLE 2 
Incidence of right-sided and left-sided artificial pneumothoraces 


RIGHT-SIDED LEFT-SIDED 
SOURCE TOTAL PNEUMO- PERCENT | PNEUMO- | PERCENT 
THORAX 


63 20 32 43 68 
Bronfin (quoted by Sewall) (13)........ 57 24 42 33 58 
Neumann and Wolf (14)............... 150 67 45 83 55 
Dumarest and Brette (15)............. 256 90 35 166 65 
Kendall and Alexander (20)............ 131 55 42 76 58 
Cooper and Stallings (21).............. 418 186 4d 232 56 


57 
1,074 


1,348 


cation. Landreth and Morlock (7), in their study of contralateral in- 
volvements in patients with chronic fibroid phthisis, reveal in their 
tabulated material that, of 46 patients, 27 (59 per cent) had secondary 
extensions to the mid-zone of the left lung and 19 (41 per cent) to the 
mid-zone of the right lung. In their study of the bilateralization of the 
disease, Cardis and Bachmann (8) found that in 60 per cent of their 
cases this form of spread was from the right to the left lung. 

If the course of the disease, as outlined, is correct, it may be inferred 
that the induction of artificial pneumothorax is more often indicated on 
the left than on the right side. In table 2 are presented the findings in 
2,422 patients, including 122 from the Tuberculosis Division of the 
Montefiore Hospital, in whom artificial pneumothorax was induced in 
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the last seven years. The procedure was indicated for the compression 
in the left lung in 1,348 (55.7 per cent) and for the compression of the right 
lung in 1,074 (44.3 per cent). Without a single exception, every author 
whose report contained the necessary information had a greater number 
of left-sided pneumothorax cases. This gives their small numerical 
differences a greater significance. The frequency with which pneumo- 
thorax is given to compress the left lung is almost the same as that with 
which this lung is found to be predominantly involved in the third stage 
of the disease (59 per cent), as shown in table 1. 

When artificial pneumothorax first came into use, surgeons like 
Murphy (9), 1898, and Lemke (10), 1899, gave this treatment as a radical 
measure to patients in early stages of pulmonary tuberculosis. Patients 
were given artificial pneumothorax who had minimal or moderately 
advanced disease, so that, in spite of the poor technique used in the 
selection and the treatment of these patients, the results were relatively 
good. In his report, Lemke appears to have given artificial pneumo- 
thorax to 36 patients with right-sided disease and to 17 patients with 
left-sided disease. His male patients numbered 34 and his female 
patients 19. Several years later, Saugman and Hansen (11) went to the 
other extreme. They gave pneumothorax to 54 patients with far- 
advanced pulmonary tuberculosis, many having laryngeal and intestinal 
complications, of whom there were twice as many female as male patients. 
The treatment was given to 43 on the left side and to 11 on the right side. 
Their results were poor. At present, artificial pneumothorax is not 
considered suitable for such patients as were treated by either Lemke or 
Saugman and Hansen, and therefore the differences in numbers of right- 
sided and left-sided pneumothoraces are not as great nor is there as great 
disproportion in the two sexes. 

The reports of Lemke and of Saugman and Hansen are of additional 
interest since they suggest that in male patients the disease is more apt 
to be discovered in the right lung and in a relatively early stage, while in 
female patients the left lung is particularly prone to be involved with 
advanced disease. These observations are in agreement with clinical 
experience. It is surprising how many female patients one encounters in 
tuberculosis practice who have an active and progressive disease in the 
left lung and a relatively benign and localized process in the right lung 
in whom artificial pneumothorax is strongly considered, if not actually 
performed. Dumarest and Brette (15), in their excellent monograph, 
present a detailed chart of their pneumothorax patients. Of 256 patients, 
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on whom notation is made of the sex of the patient and the lung treated, 
97 (38 per cent) were male and 159 (62 per cent) were female patients. 
Of the male patients, 34 (13 per cent) received pneumothorax on the right 
side and 63 (25 per cent) on the left side. Of the female patients, 56 
(22 per cent) received pneumothorax on the right side and 103 (40 per 
cent) on the left side. The observations of Mark (22) and Aoyama (23) 
have a bearing on the subject. These authors state that the course of 
disease is shortest in the left lung of female patients and is longest in the 
right lung of male patients. Tecon and Aimard (3) found that, irrespec- 
tive of sex, the prognosis of a lesion in the right lung is better than a 
similar lesion in the left lung. 

Many authorities are of the opinion that tuberculous (spontaneous) 
pneumothoraces are more likely to occur in patients with acute pulmo- 
nary disease in whom the protection afforded by pleural adhesionsisincom- 
plete or lacking. It is not surprising, therefore, that this complication 
is more frequent in the left lung. In a series of 56 tuberculous pneumo- 
thoraces that occurred in the Tuberculosis Division of the Montefiore 
Hospital in the last seven years, 34 occurred on the left side and 22 on the 
right side. Wilson (24) found that of 514 cases reported by various 
observers, including 99 of his own, in 302 the pneumothorax occurred in 
the left lung and in 212 it occurred in the right lung. Adding our cases 
to those listed by Wilson, of 570 cases 58.9 per cent were left-sided and 
41.1 per cent were right-sided. 

Without going into greater detail, it may be mentioned that thoraco- 
plastic operations are also more often performed on the left side. Since 
artificial pneumothorax is usually attempted before resorting to opera- 
tion, the greater number of left-sided thoracoplasties is to be expected. 
Alexander’s (25) statistics which include the operative cases of Stécklin, 
Brunner, and Bull and Jacobaeus show that of 351 cases reported by 
these authors 205 (58.4 per cent) were operated on the left side and 146 
(41.6 per cent) were operated on the right side. The various complica- 
tions of artificial and tuberculous pneumothoraces, such as effusions and 
pyopneumothoraces, parallel in their frequencies the incidence of the 
primary pneumothorax in the two lungs. 

In conclusion, may we repeat that it seems more than a coincidence 
that in 55.7 per cent of our collected series of patients pneumothoraces 
were induced on the left side; that in 58.9 per cent pneumothoraces 
developed spontaneously in the left lung; that in 58.4 per cent thoraco- 
plasties were performed to compress the left lung; and that in 59 per cent 
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of our collected series of patients with advanced pulmonary tuberculosis 
the disease was found to be more extensive in the left lung. Although 
the differences are slight, they are sufficiently constant to suggest (1) that 
the left lung, more frequently than the right, is the seat of progressive 
disease that requires mechanical compression or is more liable to sustain 
spontaneous rupture as a result of the rapid evolution of the disease in 
that lung; (2) that the relative frequencies with which artificial and 
natural compressions occur in the two lungs are determined, primarily, 
by the nature of the disease in the right and left lungs at that stage of the 
disease in which such compressions are more likely to take place; and 
(3) that the tendency for chronic pulmonary tuberculosis to localize 
initially in the right lung and the characteristic mode of spread of the 
disease to the contralateral lung accounts for the greater frequency of 
artificial and tuberculous pneumothoraces in the left lung. 
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ANOMALIES IN ARTIFICIAL-PNEUMOTHORAX 
TREATMENT 


J. GWERDER-PEDOJA! 


It is recognized that compression pneumothorax often causes an in- 
crease in haemoptysis. Various authors have regarded this as being due 
in part to traction exerted on adhesions, causing further disturbance of 
injured vessels (Dumarest). Others explain continued haemoptysis 
after artificial pneumothorax (for instance, in cases with not completely 
compressed cavities having relatively thick walls) as being due to passive 
congestion (Jessen). 


Mr. M. C., born April 28, 1906, was always delicate asa child. At the age of 
15, after a car ride, blood-stained sputum; next morning fairly severe haemop- 
tysis (600 cc. blood) from the left. After that, four months stay in Flims. 
Good recovery. February, 1923, a chill. Since then slightly raised tempera- 
ture (rectal up to 37.8°C.). Condition on admission on August 14, 1923, 
typical phthisis. Infiltration of left upper (cavity). X-ray August 14, 1923: 
poorly developed heart; whole area of left lung slightly opaque, from the 
hilum butterfly-winged shadow streaks; enlarged hilum; right side, natural. 
Sputum free from bacilli. Middle of April, 1924, blood-stained sputum lasting 
two days. Ordinary treatment for haemorrhage; less blood in sputum. On 
the fourth day after the beginning of the haemorrhage, a relapse. Blood- 
stained sputum again for 3 or 4 days, decreasing progressively. During five or 
six days practically no appreciable sputum. At the end of April, exacerbation 
of haemoptysis; considerable amounts of blood-clot coughed up at fairly 
regular intervals of about 2 hours; stimulants given for partial collapse; no 
effect. On May 2 did artificial pneumothorax on left side. The amount of 
gas gradually increased to 1000 cc. and more without success. Consultation 
with a colleague, who suggested that the pneumothorax, instead of compressing 
the bleeding point, was actually keeping it open, probably either by pulling on 
the hilum or by causing venous stasis. 

After each reinflation a distinct increase in haemoptysis occurred. The 
deterioration in the patient’s condition was so rapid, considering the complete 
soundness of the other lung that we were compelled to tap the pneumothorax, 


1 Neues Sanatorium, Davos, Switzerland. 
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after which the preéxisting condition with the same type of periodic haemop- 
tysis, yielding to no treatment, was reéstablished, and the patient died 


within a fortnight. 


As an explanation of this case, Dumarest’s hypothesis seems to be 
correct. In any case, I believe that sharp differentiation between stasis 
and adhesions is impossible in such anomalous cases; it is useless to 
attempt defining such a difference; the two conditions coexist and one 
produces the other. 

Further anomalies in artificial-pneumothorax practice are described 
by Piquet and Giraud. The development of active foci in the com- 
pressed lung itself, with rise of temperature, marked increase in sputum, 
appearance of bacilli, all this in the entire absence of pleurisy and without 
any involvement of the other lung (Burnard, Herné and Rossel), afford 
another example. A case in question is a complete pneumothorax 
maintained for 15 months, the postmortem (sagittal section) not reveal- 
ing any fresh tuberculous foci. The Pathological Institute at Berne, 
which carried out the histological investigation of the preparations con- 
cerned, stated the following: In the connective tissue, fairly abundant 
lymphocytic infiltration, plasma cells and numerous fresh tubercles, con- 
sisting of epithelioid and a few giant cells, proving beyond doubt that 
fresh lesions developed after the establishment of the pneumothorax. 

Later, Lindblom showed by thorough investigation on a large scale 
that such foci very often develop in the compressed lung after the pro- 
duction of a pneumothorax, the collapse of the lung only indirectly 
militating against the extension of the lesion and not constituting an 
absolute defense against peribronchial infiltration. A pneumothorax 
only promotes the new formation of fresh connective tissue around the 
lesions, and therefore lessens the possibility of a secondary spread. From 
experience one knows how slowly the development of connective tissue 
may proceed. 

I propose to cite three following cases, probably types of rare occur- 
rence, which illustrate another anomalous effect of artificial pneumo- 


thorax. 


Case 1: Miss G. F., born June 23,1899. Admitted June 16,1921. A paternal 
uncle died at the age of 25 from tuberculosis. Pleural effusion on right side; 
anaemia, lassitude. A year ago change of climate, seaside, no improvement. 
March, 1921, slight haemoptysis with consolidation in left upper. Tempera- 
ture (axillary) up to 39°. Sputum not examined because it was stated none 
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could be obtained. April, 1921, influenza; since then slightly raised tempera- 
ture, night-sweats, tendency to chills. Condition on admission: chest expan- 
sion 68/76 cm., left shoulder dropped. Small, slightly tender cervical lymph 
nodes. Percussion: dull over left upper lobe; displacement, right 3 cm., left 
7cm. Auscultation on left side above clavicle: fine rales; below clavicle coarser 
rales increasing downwards; at level of second rib near sternum, cavernous 
sounds; right side, breath-sounds not clear, fainter below, vocal fremitus in- 
creased over lower lobe; vocal resonance over right apex and whole of left lung 
increased. Previous X-ray plate of June 7, 1921, on left side, small foci scattered 
over at least two-thirds of the lung; at level of second rib, signs of cavity; 
centre of apex strongly shadowed, lower margin irregular; heart slightly 
enlarged; right side, mottled up to second rib; enlarged hilum shadow; raised 
diaphragm; faint opacity all over; small foci all over left side; occasional small 
shadows on right side. Haemoglobin 62; blood-pressure low; elastic fibres and 
Gaffky VI in sputum. Patient remained febrile, though confined to bed until 
October, 1921. Pneumothorax induced on the left side October 31, 1921. 
After gradual defervescence, disappearance of sputum. During the pneumo- 
thorax treatment, the patient was repeatedly at lower altitudes, where the 
pneumothorax was continued and the lung kept compressed. The tempera- 
ture mounted in the meantime to 37.4° (maximum rectal), whereas before it 
had hardly reached 37°. Toward the end of June, 1923, the physician in 
charge, after a reinflation, heard moist sounds near the spine of the scapula, on 
the right side. It is of further note that in May the patient again began to 
cough, and three or four times a day brought up sputum which contained a few 
tubercle bacilli. Loss of weight 1.5 kg.; loss of appetite; bad sleep. Patient 
returned to Davos August 1, 1923. I got the impression that the right apex 
was active, probably owing to the artificial pneumothorax. Coming to the con- 
clusion that it was now time to stop the left pneumothorax, we allowed it to be 
absorbed. A prompt improvement followed in the condition of the right apex. 
At the end of October, 1923, the patient had a fairly large haemorrhage. The 
blood appeared to come from the left side. We endeavored to reproduce the 
pneumothorax, at least up to the midline; prompt cessation of haemoptysis. 
The patient, however, asserted that she had a decided impression that the 
haemorrhage came from the right. A supplementary examination of the 
right apex showed coarse moist rales over the whole area. A moderate pres- 
sure was kept upon the left side until February, 1924. From then onward, we 
gradually allowed the pneumothorax to be absorbed. A last small refill was 
given July 5, 1924. Inthe meantime the patient made brilliant progress, and 
the signs on the right side subsided gradually. Even after the absorption of 
the pneumothorax the sputum remained free from bacilli. Patient left Davos 
September, 1924, and returned November 11, 1924, stating that the amount 
of sputum increased at the lower altitude (it was, however, free from bacilli). 
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In the right upper lobe small crepitations were again heard. On December 20, 
1925, slight blood-staining of the sputum and copious fine rhonchi at right apex. 
On January 2, 1925, again stationary. During the following months good 
health. Report after auscultation over right apex, negative. Returned home 
February 25, 1926. Since in good health at low altitudes. 


This case has more than one significance. But at any rate it was pos- 
sible during the course of observation, especially with regard to the 
appearance of blood-stained sputum on December 20, 1924, and the 
simultaneous definite auscultatory findings (after cessation of pneumo- 
thorax), to assume that probably the right apex was the site of the 
haemorrhage. The right apex was affected even in the early stages, and 
was, in my opinion, damaged and reactivated by overcompression of the 
left side. Earlier, however, we could not explain why the resumption of 
the pneumothorax should produce sudden cessation of haemoptysis if this 
really came from the right side. A remarkable feature in this case was 
the fact that the right apex recovered completely during the partial com- 
pression of the left side. 


Case 2: Mr. Ph. Th., born 1889. History: April, 1925, chill, appearance of 
blood-stained sputum. -Rise of temperature up to 39° (axillary); dry pleurisy 
left. Diagnosis: Tuberculous infection of left lung. On May 21, 1925, 
moderately large haemorrhage. Condition on admission on June 30, 1925: 
Left, over apex and mediastinum distinct dulness; right side apparently healthy. 
Auscultation: Weak breath-sounds at left apex, with small vesicular rhonchi; 
right side natural. Night-sweats; normal temperature. Sputum: Gafiky 
V. Haemoglobin 70; blood-pressure normal; Wassermann negative. X-ray 
plate of June 2, 1925: poorly developed heart; left, apex and mediastinum 
uniformly opaque (pleurisy); enlarged hilum shadow; heart pulled to left; 
right hilum clear; encapsulated foci in mediastinum, calcareous foci at base. 
On July 15, 1925, a large haemoptysis induced pneumothorax on right side, 
A.D., —6, —8. After 500 cc. gas (oxygen), —3, —2. Gradual improvement. 
On evening of same day, increased haemoptysis; refilling the same evening 
until end-pressure, 2,—1 (500 cc. nitrogen), with complete cessation of haemor- 
rhage. The pneumothorax was maintained at the same volume for six months. 
After that gradualabsorption. Patient was up three weeks after haemorrhage. 
Brilliant recovery in every respect. 


Auscultation showed unquestionably during the haemorrhage that 
this came from the left side. With recent pleurisy, still clearly indicated 
by decided weak breathing over the whole lung, an attempt at a pneumo- 
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thorax on the left would probably have been unsuccessful. I tried in this 
case, after the experience of case 1, to arrest the haemorrhage on the 
affected left side by a pneumothorax on the right, that is, the healthy 
side. 


Case 3: Frau A. S., born July 9, 1894. Lassitude and rises of temperature for 
eight years; periods of alternating health and illness; in 1924, chill. Tempera- 
ture up to 39° (axillary). Diagnosis: Pulmonary tuberculosis, left. Stay in 
the country, September, 1925. Pneumothorax attempted on left without 
success. Condition on admission, January 6, 1926: Percussion note impaired 
on left side over upper lobe, the dulness being continued both downward and 
into the axilla; right side, no abnormal signs in any part. Awscultation: Left 
side, dull area, vesicular breathing with fine rales. Temperature subnormal; 
sputum negative; haemoglobin 75; blood-pressure normal. Patient’s own 
X-ray: Left lung almost universally opaque, owing to closely packed or con- 
fluent foci, producing in the lower part a diffuse shadow. In the mediastinum 
were adhesions interspersed with small opacities. In the diffusely shadowed 
region were occasional clear areas. On the right, calcareous foci. Heart 
displaced to the left. Diffuse fibrosis with numerous chronic lesions in the 
upper, middle and lower parts of the left lung. Pleural cavity obliterated by 
adhesions. Active lesions at the root of the upper lobe. Right hilum clear. 
In the middle of March, 1926, blood-stained sputum, which increased after 
a few days and assumed the character of a profuse haemorrhage on March 
22. Pneumothorax induced on the right side on March 23, 1926. On the 
same day haemoptysis diminished by about half. On March 25, 1926, refilling 
(volume 300 cc.), haemoptysis having materially increased. Again distinct 
decrease in haemoptysis. On March 27, 1926, another refill after increase in 
haemoptysis. On March 30, 1926, a further refill of about 300 cc. after haemor- 
rhage had distinctly increased. This last refill reached the maximum pressure 
but, nevertheless, remained at 2, —1. Almost complete arrest of haemoptysis, 
and disappearance of sputum. Up to May 6, another four refills were given 
with decreasing quantities. On May 5 cessation of pneumothorax treatment. 
The patient’s temperature returned to its original level (37.5° rectal maximum). 
The sputum had again completely disappeared as before the complication. 


How can we explain in this case the beneficial effect on the haemoptysis 
of an artificial pneumothorax on the healthy side? Any explanation 
must be hypothetical, and I believe that the explanation in these cases 
of my own is a mechanical one. 

If we think of the extraordinarily variegated picture of a chronically 
diseased lung,—from the smallest foci to extensive lesions of the most 
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complex kind; from calcareous nodules, areas of fibrosis, pleural adhe- 
sions, to cavities which may be situated either centrally in various parts 
of the lung, or in the paravertebral regions,—we must be prepared for 
corresponding variations in the effects produced by the pressure of a 
pneumothorax, not only on the diseased lung, but on the mediastinum 
and opposite side. Since hitherto it has been impossible to evolve from 
the chaos presented by a chronic tuberculous lung a classification of 
types, satisfying alike to pathologist and practitioner, we are entitled to 
attempt individual explanations for the anomalous results we encounter, 
assuming that they accord with the facts in each case. The variety of 
morbid conditions in a chronically diseased lung corresponds to a series of 
most complicated static and dynamic reactions, and from these again 
follow a great variety of therapeutic possibilities. We have seen that in 
certain cases of haemorrhage from lesions in the region of the hilum we 
cannot attain the desired result by inducing a pneumothorax on the 
affected side. In such cases the effect of a pneumothorax on the healthy 
side is readily explained, especially if it succeeds in stabilizing the con- 
traction of the diseased side, signs of which already exist (displacement 
of the heart toward the affected side). In such cases this attempt is 
clearly indicated. 

In explaining case 3 I should like to emphasize the parietal adhesions 
and the encouragement of the natural tendency to fibrosis by inducing 
pneumothorax on the healthy side as the main effect. With every reinfla- 
tion the haemorrhages were reduced with astounding regularity. Other 
remedies were not given. From 200-300 cc. of gas sufficed for supporting 
the traction to the left exerted by the fibrosis of the diseased lung. 

In case 1 the X-ray shows us the heart pulled to the left by the marked 
shrinkage of the lung as the effect of a pneumothorax, and through this 
perhaps pulling on the right lung. Pressure on the left lung was alone 
capable of controlling haemorrhage from the right upper lobe. Only a 
slight degree of pressure is necessary, as can be seen in cases in which the 
treatment is interrupted. By reinflation on the side of the pneumo- 
thorax the former static conditions in that lung were restored and the 
opposite side relieved of the pull (on the left) exerted by the contracting 
lung, which acted through the displaced mediastinum on the active foci 
in the right upper lobe. This traction could only be arrested by restoring 
the pneumothorax in the originally affected lung. 

To express it paradoxically, in case 2 also the haemorrhage was, if not 
directly controlled as in ordinary pneumothorax, by pressure on the 
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diseased lung, then indirectly through the medium of healthy lung tissue, 
by lending support to the natural process of fibrosis. 

How various the effects of a pneumothorax on the various parts of the 
compressed lung itself, and further on the healthy or affected areas on the 
opposite side may be, is well illustrated by the development of fresh 
tuberculous foci in completely collapsed lungs. (Tomashevski; animal 
experiments, Schur and Plaschkes.) As I have pointed out again and 
again in former publications, we can perhaps explain the beneficial effect 
of a partial pneumothorax, which, for instance, only collapses healthy 
lung tissue to the detriment of neighboring diseased areas, either as the 
result of an improved blood-supply, or as the effect of removing mechani- 
cal stresses on other parts of the lung. To attain the necessary fine 
adjustment of pressure in both lungs, only a partial pneumothorax can be 
effective. One must be guided by results. Finally, we remember that, 
thanks to the work of William Neumann, the whole treatment of haemop- 
tysis has been directed along new lines. We have now to attribute the 
occurrence of a great many haemorrhages to suspected rather than well- 
identified changes in internal secretions, which markedly affect the 
action or tone of the vagus and sympathetic (possibly through muscular 
relaxation). Similarly, the explanation given by us of the few anomalous 
effects of pneumothorax on the healthy side is not perhaps to be traced 
to the mechanical factor alone. 

This fact, that is, the codperation of the vegetative nervous system in 
haemorrhage, must be taken into account. 

Tuberculosis itself is a racial problem. Each race has a differently 
constituted vegetative nervous system and, therefore, the progress of 
tuberculosis as well as its symptoms are necessarily different. In 
treatment this has to be taken into account, and, in the individual suc- 
cesses of the treatment applied in the anomalous cases described, the 
relation of cause and effect clearly appears. As a rule haemoptysis 
ceases without our being able to explain the why and wherefore. In this 
form of treatment there exists no post hoc ergo propter hoc. And this 
applies most definitely to cases in which there are no important mechani- 
cal factors at work. Nature does her own work. Even in the cases last 
described, in which the opposite effect was produced, we must not be 
astonished that even after the cessation of effectual control the haemor- 
rhages were not repeated, since these observations cover only a limited 
period. It is not intended that these examples should form a basis for 
definite therapeutic indications. But exceptional cases occur, whose 
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exact clinical and especially X-ray findings do appear to call for this pro- 
cedure. It may then happen, either owing to the effect of altered 
stresses or to vagus-sympathetic changes (alterations in blood-pressure), 
that a treatment often without effect on haemoptysis may have the most 
brilliant result. 


CONCLUSIONS 


1. In certain cases of haemoptysis an attempt at controlling the 
haemorrhage by the induction of a partial pneumothorax on the opposite 
side seems justified. 

2. This procedure is indicated almost exclusively in a rare type of 
case in which there is a prospect of consolidating a fibrosing process in the 
affected lung, signs of which already exist. 

3. The proper indication for such interference in the cases quoted was 
in the first instance provided by the X-ray findings. 
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OLEOTHORAX 


The Value of Intrapleural Injections of Olive Oil in Certain Phases of 
Pulmonary Tuberculosis 


CESAR SILLIG anp MILTON C. LANG! 


The triad, fresh air, good food and rest, still remains the basis of all 
treatment of pulmonary tuberculosis. However, within the last forty- 
five years there have been successful efforts to make one of the triad, 
rest, have even greater significance than before, by applying it to the dis- 
eased area itself rather than in the general way it was formerly used. 
We, who have not had the original thinking and pioneering to do, marvel 
that so many years have elapsed before some enterprising spirit had the 
courage to apply the principle of splinting, so common in surgery, to 
diseases of the lung and to the body of the lung itself. It was Forlanini 
who in 1882 did the first pneumothorax treatment, but it was not until 
1908 that the senior author (Dr. Sillig) used it in the treatment of a series 
of 10 cases here in Leysin. Since that time rapid strides have been made 
in collapse therapy by means of pneumothorax, phrenicectomy and 
thoracoplasty. 

Still another procedure is finding increasing favor on the Continent 
and is giving some brilliant results in the hands of experienced operators. 
This is oleothorax first successfully performed by Bernou in 1921. 

It may be said that when the star of pneumothorax sets, the star of 
oleothorax rises, meaning that when, for various reasons noted below, 
pneumothorax no longer is the suitable treatment for a particular case, 
oleothorax can then at times be substituted. 

The method consists in filling the pleural cavity with either an anti- 
septic or aseptic oil, of which two are in use, olive oil and liquid paraffin. 
The former, properly sterilized and with the addition of 5 per cent 
gomenol, which is distilled from the leaves of the melaleuca viridiflora, is 
now the oil of choice for most workers. With oil of paraffin one case of 
mediastinal paraffinoma has been noted. This case has been reported 
by Fontaine from the service of Drs. Tobe and Kanoni. The olive oil 
should be prepared by a reliable drug firm. 


1 Chamossaire, Leysin, Switzerland. 
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Before going into any details as to the application of the method we 
think it wise to say that the treatment is in no sense a cure-all. Al- 
though some very remarkable results have been achieved, it finds its 
chief use in combating certain dangerous eventualities, which, without it, 
would seriously endanger the life of the patient. It has also prolonged 
the life of patients who would without doubt have succumbed if it had 
not been instituted. In this we are referring to certain types of pulmo- 
nary perforation which are closed by the use of the oil injection. 

Its indications are as follows: 

If during treatment by pneumothorax the patient develops serous 
pleurisy, as so often happens, which does not resorb spontaneously or 
respond to tapping, becomes chronic, and seriously affects the well- 
being of the patient, or it becomes purulent, then oleothorax should be 
considered; and it finds here its greatest use in replacing the serous or 
purulent fluid, preventing its reformation, disinfecting the pleural cavity, 
and maintaining the pulmonary collapse. 

At other times pneumothorax fails to give results because of the for- 
mation of adhesions, which gradually but surely obliterate the pleural 
cavity, and thus the collapse of the diseased lung is affected. Here the 
injection of the oil separates the pleural surfaces and keeps them so by 
its mechanical action and the good results of the pulmonary collapse are 
maintained. 

If pneumothorax does not give sufficient collapse to the lung, either 
because the air is too rapidly absorbed, or the pleura too elastic, or the 
mediastinum of insufficient rigidity to prevent the formation of a 
mediastinal hernia, the injection of the oil into the pleural cavity may 
accomplish the desired results by rendering the pleural surfaces more 
rigid and impermeable, and thus less apt to prolapse. 

As mentioned above, in certain types of perforation of the lung into the 
pleural cavity the oil can serve to obliterate them; this of course only 
applies to the small ones or those which are valve-like, that is, letting air 
from the lung enter the pleural cavity but not allowing it to escape again. 
In this case, if the air is removed by means of the pneumothorax appara- 
tus and replaced by oil, the perforation can often be successfully closed, 
so that the ruptured area can scar over. It should be emphasized that 
the use of oleothorax has little effect on the condition in the interior 
of the lung and, if the cavities continue to increase in size, it cannot 
prevent another and often fatal perforation. In cases of perforation, 
the use of the oil can also prepare patients who are in a very bad condi- 
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tion for a thoracoplasty at a later stage, after they have accumulated 
sufficient reserve to undergo that very formidable operation. 

Very exceptionally oleothorax can be substituted for pneumothorax 
in a patient, who for very pressing reasons is unable to continue the in- 
sufflations at the necessary intervals; for instance, in the case of one who 
has to return to his home which is far from a place where he can secure 
the services of a physician who is skilled in giving refills. It must be very 
distinctly understood, however, that oleothorax is, in no sense of the 
word, a substitute for pneumothorax, and also that, when the original 
pathological process for which the treatment was instituted no longer 
exists and the patient is able to have refills of air again, pneumothorax 
should be returned to slowly, carefully withdrawing the oil and replacing 
it with air. 


TREATMENT 


A number of methods have been used to introduce the oil, and for a 
detailed account of them the reader is referred to the works of Fontaine 
and Dumarest. All of them except the one described below are more or 
less complicated and necessitate the use of tubing, special apparatus, and 


other accessories, with all of which the elememt of accidental infection 
of the pleura enters. As they have also not seemed to give better results 
or ease of use than the method described, they have been discarded here. 

Our case reports refer chiefly to cases of pleurisy, either serofibrinous 
or purulent, following pneumothorax treatment, which pleurisies did not 
respond in a reasonable time to the usual treatment, but, on the other 
hand, rapidly undermined the well-being of the patient, that is, quickly 
destroyed all benefit from previous treatment. 

The apparatus in use at the Chamossaire consists of a number of 20-cc. 
Record syringes, suitable needles for a thoracentesis, and a receptacle of 
warm water in which the ampoule of oil, which varies in size from 10 to 
250 cc., can be placed to warm the oil to 38°C., so that it enters the pleural 
cavity at about body temperature, and thus shock is avoided. 

When intervention is decided upon and fluid is known to exist in the 
pleural space, its level is ascertained by means of the fluoroscope and a 
place of puncture is selected. The puncture is made with a needle at- 
tached to a 20-cc. syringe, and when the needle has been inserted the 
usual precautions are taken to be sure that it is in the pleural space. If 
correctly placed, fluid can easily be withdrawn. Ifitisin an air-pocket in 
the pleural cavity and the needle attached to the pneumothorax manom- 
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eter, the manometer oscillates widely. If the needleis in the lung tissue 
the manometer remains at zero or there is only very slight oscillation. 
If the needle is in fluid, 10 cc. are removed for laboratory examination, 
and with another syringe 10 cc. of 5 per cent gomenolated olive oil are 
injected through the same needle. The patient is then sent to bed and 
the temperature watched. There may be no reaction, or only a transient 
one of 1.5° to 2°C., lasting 24 to 48 hours. When this has subsided 20 cc. 
of oil are injected, then 50 cc., then 100 cc., increasing the amounts until 
blockage or filling of the pleural cavity is complete. In all the proceed- 
ings, one must be guided by the reaction and symptoms of the patient. It 
is especially important to remember that, as the filling is gradually accom- 
plished, the gas-pressure within the pleural cavity above the oil level should 
remain negative or zero, which can be determined by the use of the 
pneumothorax manometer as follows: The injections and tappings are 
usually done with the patient in the sitting position and, unless air can 
escape after the oil is added, the pressure of the air-bubble above the oil 
rises. When the oil level is below the needle, air usually freely escapes 
from the needle when the syringe is removed, if the patient is asked to take 
a few deep breaths or cough; if it does not, and the needle is free, as shown 
by the use of stilette, and the pressure is high, sufficient air can be re- 
moved with the pneumothorax apparatus to bring the pressure to zero or 
negative. If the oil level is above the needle the air-bubble above the oil 
can be brought within range of the needle for determining the pressure 
by shifting the position of the patient; if he is sitting he should be placed 
in the lateral decubitus to bring the air-bubble within range. If this is not 
done, a puncture with a. pneumothorax needle in the resonant area above 
the oil can give the same result. After the cavity is blocked there is no 
really accurate method so far discovered to determine the pressure of the 
oil, and here one has to rely principally on the symptoms of the patient. 

After the injection of the oil the patient should lie on the side opposite 
to the one treated for several hours, allowing the needle-path to close, 
thus avoiding the possibility of a pleuroparietal fistula. Any signs of 
dyspnoea or feeling of oppression during treatment or after it should be 
reported at once, because of the possibility of dangerous compression of 
the mediastinal contents following expansion of the oil in cases in which 
the chest is almost full. Until one is well acquainted with conditions it is 
wise not to fill the chest more than one-half or two-thirds. If compres- 
sion symptoms should occur they can be relieved at once by the with- 
drawal of a few centimetres of oil. 
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In cases in which there is a large effusion one should proceed just as 
carefully at first until the tolerance for the oil is established. Then the 
fluid is to a large extent removed by a Potain aspirator or similar appara- 
tus and replaced by one-half to two-thirds the amount of oil. In these 
cases it is particularly important to follow the rules of after-care. If all 
goes well, smaller injections fill the chest cavity, and if any residual fluid 
fails to absorb it can be removed. When the pleural cavity is full the com- 
pression of the lung is complete. 

If an apparatus such as the oil manometer of Bernou is available to 
approximate it, strong positive oil-pressure should not be employed, for 
it can give rise to perforations. The usual oil-pressure serving for all 
purposes is plus 20. A pressure of plus 20 at the end of an injection may 
be lowered after some time, because of the tendency of the oil to sub- 
side, due to its weight, which is chiefly exerted downward on the dia- 
phragm. Because of this factor and also because the oil is absorbed to 
some extent,—about 50 to 100 cc. a month, according to Fontaine,— it is 
necessary that the patient be observed, so that the oil level can be kept 
constant. It may need only a few centimetres of oil to do this, but if it is 
not added the lung will expand and the good results will be lost. After 
the stage of blockage is reached and the oleothorax properly functioning 
the patient should be seen at least once a month so that the oil lost by 
absorption can be replaced. 

In using oleothorax, clinical signs and symptoms are the only really 
dependable facts, for the oil causes a dense shadow on the screen and 
hides the lung, making it impossible, or almost so, to determine the con- 
dition of the diseased organ. The density of shadow caused by the oil can 
be seen from the X-ray illustrating case 4. However, close observation 
of the symptoms will give invaluable hints as to the progress being made. 

In the type of pulmonary perforation mentioned above when thora- 
coplasty is not indicated, one proceeds in the same way at first to estab- 
lish tolerance for the oil. Then all the purulent fluid is withdrawn at 
once, and replaced by oil, whose level must be above that of the rupture, 
so that it will be sealed and not allow the entrance of air into the pleural 
cavity. This may close the perforation and sterilize the pleural cavity, 
and later, if conditions are favorable, a thoracoplasty can be done. If 
this cannot be done the oleothorax can prolong life as much as two years. 

If at any time during the treatment of any indication for oleothorax 
the patient should complain of a constant taste of gomenol and droplets of 
oil appear in the sputum cup, or, what is worse, the patient should vomit 
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the oil, the treatment should be promptly discontinued and the oil re- 
moved from the chest, and the next best thing done for the patient. 
The former incident means a small fissure, which may at any moment 
increase in size, and the latter means a large bronchopleural fistula, allow- 
ing the oil to escape from the pleural cavity into the lung, and thus it 
is vomited out with agonizing symptoms of suffocation and is often 
promptly followed by death. This is the great danger in oleothorax 
treatment. As mentioned above, oleothorax has little known action on 
the pathological process within the lung itself, and, if a cavity which 
connects with a bronchus ulcerates through into the pleural space or 
because of excessive oil pressure the thin wall of the cavity ruptures, 
then this formidable accident occurs. If it does occur and is not immedi- 
ately fatal, thoracoplasty without delay offers the only chance of saving 


the patient. 


Four essentially typical case reports from the service of Drs. Sillig and Gilbert of 
the Chamossaire 


Case 1: Serous pleurisy following pneumothorax. No. 1234, male, age 29. 
Onset: December, 1927. Ulcerocaseous tuberculosis of right upper lobes, 


with formation of several large cavities. Entrance to Chamossaire, January, 
1929. Weight 45 kg.; sputum four plus, about 15 purulent expectorations a 
day; general condition poor. February 6, 1929: Pneumothorax, right, with 
only fair result, because of few string-like adhesions and thick cavity walls 
resisting gas-pressure. Maintained until August, which marked the begin- 
ning of a serous pleurisy which rapidly undermined the resistance of the patient. 
Pleural fluid negative. April 5, 1929: Blood sedimentation: average reading 
47. September, 1929: Oleothorax begun and maintained until present with 
excellent results. Lung completely collapsed. Two or three small mucoid 
expectorations a day, which for the months of December, 1929, and January, 
1930, have been free from bacilli. A gain in weight of 6 kg., 400 gm. Ab- 
sence of fever. The fluoroscopic appearance of the chest now, February, 
1930, shows fluid to level of seventh rib, and the rest of the chest blocked with 
oil. The fluid is not causing any symptoms and, as it is maintaining the col- 
lapse as well as the oil, it is left alone. The general condition of the patient is 
excellent and the sedimentation test for January, 1930, showed an average 
reading of 13. 


Case 2: Bilateral serofibrinous pleurisy. No. 1217, male, age 29. Onset: 
November, 1927, with haemoptysis. Active nodular tuberculosis of whole 
right lung. Operation for perianal abscess, July, 1928. Entrance to Chamos- 
saire, December, 1928. Weight 70 kg.; sputum three plus; blood sedimenta- 
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ion, average reading 46.5; temperature 38° to 38.5°C. January, 1929: 
*neumothorax, right, but the evolution continued. In May fluid formed on 
he right to the level of the 6th rib; this was negative for bacilli. May 6: 
Jleothorax begun, and increased until a total of 840 cc. had been injected by 
\ugust 12. July: Fever subsided. September 10, 1929: Serous pleurisy of 
eft side, which was tapped and fluid replaced by air. The oleothorax on the 
ight was maintained. Temperature became normal on the 21st. November, 
929: Absolute resorption of gas and fluid on the left, with no reformation of 
luid. Temperature normal; condition stationary. January 24,1930: Weight 
99.5 kg.; sputum one plus; oleothorax maintaining efficient compression; tem- 
erature normal; blood sedimentation, average reading 35. 


“ase 3: Serous pleurisy with positive fluid. No. 1115, male, age 40. Onset: 
December, 1924; pneumothorax at Davos which was maintained successfully 
for two years. Then the lung was allowed to reéxpand and a large serous 
exudate formed, recompressing the lung. Tapping was done on a number of 
occasions, but the fluid rapidly reformed until after a year it was still at a high 
level. March, 1928: Bacilli found in exudate. Entered Chamossaire, April, 
1928. Sputum at that time one plus. May 20, 1928: As previous tapping 
gave no result, oleothorax commenced with 200 cc. of 5 per cent gomenolated 
olive oil. Blockage reached by the 29th. July, 1928: Returned to work for 
three weeks without incident. July, 1928: Tapping removed 700 cc. of sero- 
purulent fluid, and 250 cc. of oil were injected. Fluid did not reform, and by 
August 27 blockage had been completed. September 25, 1928: Working at 
home and is well. February 28, 1929: Returned, and tapping removed 159 
cc. of fluid, and 20 cc. of oil were injected. February to April: At home and 
lifenormal. April: Removed 359 cc. of an emulsion of oil and fluid; reinjected 
10 cc. of oil; then follows another return to active life for three months. July, 
1929: Returned, and 30 cc. of emulsion removed and 20 cc. of oil reinjected. 
Fluid still positive; no sputum. January, 1930: No further news. 


Case 4: Spontaneous pneumothorax with purulent pleurisy. No. 1017, male, 
age 47. Onset: 1926, with left spontaneous pneumothorax occurring while 
wrestling. Entrance to Chamossaire, May, 1927. Left pleural cavity showed 
large pneumothorax; large cavity in upper lobe held open by adhesions; fluid 
to level of fourth rib. Right Lung: Ulcerofibrous tuberculosis, with large 
cavity in inferior part of upper lobe; whole lung infiltrated except the lower 
third. May, 1927: Tapping removed 2400 cc. of seropurulent fluid. Re- 
placed with oxygenandair. Fluid reformed, and mediastinum pushed to the 
right, forming a definite hernia in July. September: Tapping removed 2000 
cc. of pus. Oleothorax begun by injecting 600 cc. of 5 per cent gomenolated 
olive oil. Because of the very small amount of functioning lung on the right 
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Fic. 1. Case 4. DEMONSTRATES THE MEDIASTINAL HERNIA 


Fic. 2. Case 4. CoNnpITION Two MONTHS BEFORE DEATH 
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it was considered dangerous to entirely fill the left pleural cavity with an 
inexpansible fluid. October 5: Tapping removed 220 cc. of pus. Reinjected 
250 cc. of oil. November: Condition stationary. January 11, 1929: In- 
sufflated 100 cc. of gas; fluid level remained constant. January to May: Con- 
dition stationary. May: Tapping of 50 cc. of pus; reinjected 100 cc. of oil and 
2 cc. of lipiodol to outline base of lung. May to September: Condition sta- 
tionary. The X-ray taken in August illustrates the serious condition of the 
patient; also the density of shadow caused by the oil in the pleura; and thus 
the dependence that must be placed on the symptoms of the patient when the 
pleural space is blocked. September: Bronchitis with no local objective 
signs. October 12, 1929: Sudden vomiting of oil, due to the rupture of the 
lung a second time; syncope and death. 

Note on Case 4: In such a case as this, in which there is a large cavity held 
open by adhesions in the one lung, and the condition of the other lung permits, 
the pleural cavity should be blocked to give firm support to the cavity-walls. 
In this case it was not thought advisable, as the patient was living on but one- 
third of his right lung. 


CONCLUSIONS 


Oleothorax, if judiciously applied, is a useful adjunct in the treatment 
of certain complications of pulmonary tuberculosis and, if carefully done, 


is not dangerous to the patient. 
In the case of spontaneous pneumothorax mentioned the treatment 


appears to have prolonged the life of the patient. 
There is still much work that needs to be done on the subject which is 


worthy the attention of phthisiologists. 
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EXTRAPLEURAL THORACOPLASTY IN THE PRESENCE 
OF ARTIFICIAL PNEUMOTHORAX 


JEROME R. HEAD 


It is often necessary to perform a thoracoplasty upon a patient who has 
already had a partial artificial pneumothorax. In suchcases the collapse 
accomplished by the operation is rarely satisfactory. The reason for 
this is obvious. Under normal conditions, upon the completion of the 
operation, the chest-wall drops downward and medianward by its own 
weight and is aided in so doing by the negative intrapleural tension. 
The air in the lung is readily expressed through the bronchus. When 
there is air in the pleural cavity the chest-wall will collapse only in so far 
as its weight is able to compress this air and displace the mediastinum. 
How much this will be depends upon the pressure in the pleural cavity 
before the operation and upon the elasticity of the mediastinum. In 
most instances the collapse is seriously compromised. 

This difficulty can be obviated either by allowing the lung to reéxpand 
before the operation is performed or by removing the air from the pleural 
cavity after the operation. The former course is inadvisable, entailing, 
as it does, a delay of several months and the practical certainty that the 
fever and sputum will return and the patient come to operation in a less 
favorable condition. The collapse of the lung during the course of the 
operation is the best possible guaranty against postoperative massive 
atelectasis or extension of the disease to the opposite lung. 

The procedure of choice is, therefore, postoperative decompression of 
the pleural cavity. The manner of doing this and its efficacy in further- 
ing the collapse of the chest-wall are illustrated in the following case 
report. 


Case Report 


Mr. H. M. had suffered for 12 months from tuberculosis of the left lung. Ten 

months prior to his admission artificial-pneumothorax therapy had been insti- 

tuted. The collapse was incomplete (see figure 1), and only by frequent refills, 

—every two weeks,—and the maintenance of a high positive pressure (plus 12 

cm. of water) could he be kept free from fever. For these reasons and be- 
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EXTRAPLEURAL THORACOPLASTY 


Fic. 1. ROENTGENOGRAM TAKEN PRIOR TO THE OPERATIONS 


Complete collapse of the lung by artificial pneumothorax is prevented by pleural adhesions 
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Fic. 2. ROENTGENOGRAM TAKEN AFTER LEFT PHRENICOEXAIRESIS AND EXTRAPLEURAL 
THORACOPLASTY 


Collapse of the chest-wall is prevented by the air in the pleural cavity 
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EXTRAPLEURAL THORACOPLASTY 


Fic. 3. ROENTGENOGRAM TAKEN THE SAME Day AS THAT SHOWN ON FIG. 2 AFTER ASPIRATION 
OF THE AIR IN THE PLEURAL CAVITY 
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cause physical examination and the roentgenograms indicated that thoraco- 
scopic pneumolysis would be impracticable, the decision was made to perform a 
thoracoplasty. 

One week before the first operation the pressure in the pleural cavity was 
raised to plus 12 cm. of water. The left phrenic nerve was first extracted. Two 
days later posterior segments of the 6th, 7th, 8th, 9th, 10th and 11th ribs were 
resected, and a week following this operation the segments of the five upper ribs 
were removed. The patient stood the operations well. 

Five’ days after the last one a roentgenogram was taken, (see figure 2). 
This showed that, in spite of resection of long segments of the ribs, there was 
little if any collapse of the chest-wall. The mediastinum was pushed to the 
right and the lung was flattened against it. Decompression of the pleural 
cavity was carried out the following day. When the pneumothorax needle 
was inserted the pressure was found to be plus 10 cm. of water. Previous 
experience had shown that, had the operation not been performed, the pressure 
by this time would have been well on the negative side. By applying pressure 
with the hand on the left hemithorax the pressure in the pleural cavity could 
easily be raised to the limit of the manometer. Two hundred cubic centi- 
metres of air were then aspirated by reversing the action of the pneumothorax 
apparatus. The reading in the manometer was now minus 4 cm. of water. 
By pressing on the thorax it could be raised to plus 10. Following the removal 
of 200 cc. more of air, the intrapleural pressure was minus 8 cm. of water, and 
the application of force to the chest could raise it only to plus4cm. After the 
removal of 100 cc. of air, it was no longer possible to find a free pleural space. 

The roentgenogram, taken the same day (see figure 3), showed a satisfactory 
collapse of the chest-wall. The mediastinum had returned to its normal posi- 
tion and the lung had reéxpanded slightly. There remained only a minimal 
pneumothorax. The patient continued fever-free. 


DISCUSSION 


In this case the maintenance of the pneumothorax during the operation, 
while it kept the patient free from fever and practically free from sputum 
during this crucial time, prevented a satisfactory collapse of the chest- 
wall. Following the operation, removal of the air by aspiration during 
compression of the thorax allowed the chest-wall to collapse. 
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THORACOPLASTY IN THE TREATMENT OF CHRONIC 
PULMONARY TUBERCULOSIS!” 


E. H; BRUNS* anp JOSEPH CASPER‘ 


There was a time when the treatment of pulmonary tuberculosis was 
limited largely to early cases of the disease, but as diagnostic methods 
improved, especially with the perfection of X-ray work, we learned that 
many of the so called early cases were really advanced. Roentgenology 
also enabled us to use a pathologicoanatomical classification of tuber- 
culosis and to divide our cases into pneumonic, nodose and fibrous forms. 
We mean by this, cases showing a preponderance of exudative, productive 
or fibrous types of lesions. Having the ability to visualize with a greater 
degree of accuracy the pathology of a tuberculous lung during life and to 
follow step by step pathological changes as they occur during treatment, 
the management of the consumptive has been placed on an improved 
scientific basis and we have been able to do more and more for the ad- 
vanced case. During the last twenty years collapse therapy has made 
rapid strides, and its wide applicability and important réle in the cure of 
pulmonary tuberculosis can no longer be denied. It has not replaced 
the well-established hygienic methods, but has acted rather as an im- 
petus to them. Formerly the advanced case with large involvement 
could only hope by careful and prolonged ‘“‘cure chasing” to drift into a 
stage of chronicity and permanent invalidism with dangers of extensions, 
haemorrhages, amyloid disease and other serious complications. Now 
the codperative patient with advanced tuberculosis is rewarded by at- 
taining sufficient improvement in one lung, so that this lung is able to 
function alone or take on added work while its partner, in part or as a 
whole, can be placed at rest by means of collapse therapy. 

The main purpose of collapse therapy is usually the obliteration of 
cavities which will not heal spontaneously. While the formation of a 


1 From the Medical and Surgical Services, Fitzsimons General Hospital. Read before 
the Denver Sanatorium Association, Denver, Colorado, March 25, 1930. 

2 Published with permission of the Surgeon-General, U. S. Army, who is not responsible for 
any opinion expressed or conclusions reached herein. 

3 Lieutenant-Colonel, Medical Corps, U. S. Army. 

4 Major, Medical Corps, U. S. Army. 
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cavity is often a forerunner of fibrosis and healing, as long as the cavity is 
unable to close on account of its size, location, surrounding disease, 
pleural adhesions, etc., it remains as an active focus, excreting sputum 
swarming with tubercle bacilli, poisoning the lymph and blood with the 
products of the tubercle and mixed infection, and menacing the life of 
the individual with bronchogenic extensions and severe haemorrhages. 
When a patient suffering from pulmonary tuberculosis is not progress- 
ing favorably or if cavities are present which are showing no tendency 
toward healing, the procedure is first to study the case with the view of 
its suitability for pneumothorax treatment. If the involvement is con- 
fined to one lung, or the other lung is only slightly affected, showing 
scattered nodose or fibrous foci, pneumothorax is tried. If pleural 
adhesions prevent even a partial collapse, we are forced to use other 
methods of compression, such as phrenicoexairesis when the entire 
lung is involved, especially if there is a cavity in the mid or lower part, or 
an upper-stage paravertebral thoracoplasty if the disease with cavity is 
confined to the apex or infraclavicular region. The latter plan is chosen 
in order to save the lower half of thelung. In case both of these attempts 
are unsuccessful we can always fall back on complete thoracoplasty to- 
gether with phrenicoexairesis, resecting the upper nine or ten ribs, de- 
pending on the degree of elevation of the diaphragm. If the pneu- 
mothorax leads to a complete collapse with obliteration of all cavities, 
this can be continued as such or as a selective collapse from the very be- 
ginning, or later by means of selective reéxpansion. If on account of 
pleural adhesions the collapse is only partial, placing at rest the lower 
part of the lung and not affecting the upper where the involvement 
is greatest and cavitation is present, an upper-stage thoracoplasty 
should be performed, continuing the pneumothorax treatment of the 
lower portion of the lung as long as necessary. In the course of pneu- 
mothorax therapy, if pleural adhesions prevent the complete collapse of a 
cavity, by resorting to a phrenicoexairesis or the Jacobaeus method of 
separating adhesive bands intrapleurally, the cavity may eventually close; 
otherwise we are compelled to continue our air compression indefinitely 
or resort to thoracoplasty. We therefore see that artificial pneumothorax 
and phrenicoexairesis are often preliminary steps, preparatory procedures 
and test operations for thoracoplasty, to try out the integrity of the con- 
tralateral lung and the behavior of its tuberculous foci under increased 
function; likewise, gradually to adjust the heart, pulmonary circulation 
and respiration to the thoracic changes which occur after thoracoplasty. 
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In addition, these procedures may enable the surgeon to obtain the 
necessary degree and extent of collapse with the resection of fewer ribs. 
A preliminary pneumothorax is not always advisable. If one lung is 
more or less completely destroyed by tuberculosis, the parenchyma re- 
placed by fibrosis and cavitation, and what remains is atelectatic, there is 
no reason for subjecting the patient to the dangers of air embolism, 
spontaneous pneumothorax, and other complications more common in 
such cases. The better lung is frequently enlarged and its involvement 
fibrous. Such cases are ideal for thoracoplasty and manifestly unsuit- 
able for pneumothorax therapy. A phrenic-nerve resection followed by 
thoracoplasty is clearly indicated. 

The Fitzsimons General Hospital is one of the largest tuberculosis 
institutions in the world: 1200 to 1300 patients are under treatment con- 
stantly, of which about three-fourths are cases of pulmonary tuber- 
culosis. More than two-thirds of these are advanced cases which twenty 
years ago would not have been accepted by many sanatoria. Something 
more than hygienic treatment is demanded to save the majority of these 
unfortunates from an early death. Statistics indicate that over two- 
thirds of cavity cases die within three years. When once cavities have 
formed with mixed infections, toxic absorption, severe haemorrhages and 
aspiration spreads, nature is no longer able to cope with the situation, 
even though the patient is most codperative and carries out religiously 
the directions of the doctor. Our best weapon now is collapse therapy, 
that is, artificial pneumothorax, phrenic-nerve operation and thoraco- 
plasty. This paper will be limited to a discussion of thoracoplasty. 
Thoracoplasty compresses the diseased lung and obliterates cavities. 
In so doing it brings about healing in the compressed lung and by the 
closure and collapse of cavities it rids the patient of toxaemia, harassing 
cough, positive sputum, and the danger of haemorrhages and broncho- 
genic spreads. Paradoxical as it may seem, it also causes the healing of 
lesions in the contralateral lung, although the lung is required to do more 
work, and enlarges instead of collapsing. This is explained in various 
ways. By eliminating cavities and the larger foci of the collapsed side, 
the patient’s resistance is increased sufficiently to bring about reparative 
changes in the lesser involvement of the better lung. The improvement 
is also partly ascribed to autotuberculinization. Quiescent sluggish 
lesions in the good lung are stimulated to renewed healing by an allergic 
reaction which results from the squeezing up and leeching out into the 
circulation of tuberculous products from the collapsed lung. 
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As stated previously, the ideal case for thoracoplasty is one showing 
evidence of fibrosis, where the involvement, however extensive, is more 
or less unilateral, where the worst lung is excavated and shrunken and the 
opposite lung hypertrophied with little if any damage from disease. 
Natually, it is best to operate early after fibrosis has made itself evident 
and not wait until the patient has added too many years to his disease 
and at the same time increased the impairment to his heart, blood- 
vessels and other viscera. Some authors state that the patient should be 
in fairly good general condition and that the operation is applicable 
to the more severe type of unilateral fibrotic pulmonary tuberculosis with 
or without cavitation, after other methods, including artificial pneu- 
mothorax, have been unsuccessfully tried. Sauerbruch gives as the 
strictest indications for thoracoplasty: (1) unilateral disease; (2) fibrous 
type of tuberculosis; (3) rigid mediastinum; (4) capable heart; (5) youth; 
(6) general good resistance; and he remarks that any departure from these 
strict indications in the selection of cases increases the operative risk 
and diminishes the proportion of favorable results. Since introducing 
chest surgery into our institution in 1922, there has ever been a tendency 
to broaden the scope of surgery in this field and to afford an apparently 
doomed patient a last-resort chance for recovery. Very few cases have 
met the strict indications of Sauerbruch. Although the morale of our 
patients has improved regarding thoracoplasty, there has always been and 
still is a tendency on their part to procrastinate and postpone the opera- 
tion so that too often it becomes a desperate effort to save life. As the 
selection of cases is so important in this type of surgery, we will discuss 
the indications in detail. Complete thoracoplasty is used by us to col- 
lapse a lung containing advanced disease and cavities where there is evi- 
dence of fibrosis and the contralateral lung is hypertrophied and not too 
extensively diseased, so that it will be able to function satisfactorily 
alone. It is also used to obliterate or reduce in size as much as possible 
a pyopneumothorax cavity with the same proviso concerning the opposite 
lung. When the pneumothorax cavity is not large, thoracoplasty, by 
approximating the two surfaces of the pleura, may bring about the closure 
of a bronchial fistula. In a great majority of these cases, anterior 
thoracoplasty and frequently unroofing, together with other forms of 
plastic surgery, are necessary before the empyema cavity is completely 
obliterated. Partial thoracoplasty, upper or lower stage, is resorted to 
for the purpose of obliterating cavities and not sacrificing the entire lung. 
Some patients receive a better collapse than others, but so far we have 
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been unable to associate definitely the degree of collapse with the shape of 
the chest and angle of the ribs, although it is essential that the ribs be 
resected as flush up with the lateral processes of the spine as possible and 
that a rather wide resection of the upper seven ribs be made. As a rule 
it is only necessary to cut or remove a small section of the first rib near 
its tubercle. The question of the shape of the chest and slant of the ribs 
needs further study. The character of the thoracoplasty has been decided 
by means of good X-ray plates, inspection of the chest and purpose of 
the operation. As the condition of the opposite lung is most important 
for the success of thoracoplasty, it should be thoroughly studied and the 
character and extent of any involvement if present should be determined 
as accurately as possible. If the lung to be collapsed is completely de- 
stroyed and its substance replaced by cavitation, fibrosis and atelectatic 
remnants of lung parenchyma, and the patient shows little or no dyspnoea, 
it is evident that the opposite lung is able to function alone and no addi- 
tional burden will be placed upon it. If the better lung is involved to 
any extent, the lesions must show evidence of a tendency to heal before 
thoracoplasty can be undertaken with any degree of safety. In view of this 
involvement in the better lung, an effort should be made to save as much 
of the operated lung as possible. In such cases, if the base is free from 
tuberculosis, no preliminary phrenic-nerve operation should be performed, 
but an effort made to save the lower part of the lung by limiting the col- 
lapse to an upper-stage thoracoplasty. In a great majority of cases, 
coughing rales will be elicited over the anterior chest on the good side. 
These rales do not necessarily mean active disease and are no contraindi- 
cation to thoracoplasty, providing the X-ray shows nodose or fibrous 
lesions with little or no perifocal reaction and the involvement is scattered. 
The presence of a cavity likewise need not be considered a contraindica- 
tion on condition that the involvement in the better lung is scattered 
and shows a tendency to fibrosis. Vital capacity has been used as a 
guide for this operation. Some operators prefer a vital capacity of at 
least 2,000; otherwise they are reluctant to undertake the operation. If 
vital capacity is to be considered in this connection, it should be based 
on the percentage below normal for that particular individual after taking 
into consideration the condition of the lung to be collapsed and other 
factors. 

It may be advisable at times, when the patient is holding his own or 
slightly improving, to wait until the contralateral lung, if involved, 
clears and hypertrophies and the maximum benefit from hygienic treat- 
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ment has been attained. Tuberculous complications, such as tubercu- 
lous laryngitis of a chronic nature, tuberculosis of the middle ear, tuber- 
culosis of the intestines, genital tuberculosis, etc., if not active, are not 
contraindications to this procedure. Nontuberculous complications 
are probably more important. Thoracoplasty is contraindicated in all 
diabetics and in syphilis with cardiovascular changes; in myocarditis, 
depending upon the cause and degree of myocardial damage; in nephritis, 
unless the blood chemistry and kidney function tests are good; in arterio- 
sclerosis of moderate or marked degree, etc. Negro patients or races 
nonimmunized to tuberculosis are not suitable subjects. No one can 
deny that to-day thoracoplasty occupies a well-established place in the 
therapy of advanced cases of pulmonary tuberculosis, for it is logical 
and in keeping with nature’s methods and the principle of other means of 
collapsing the lung. 

The great objection raised is that it is dangerous. However, with im- 
provements in technique and in the morale of the patient, so that he will 
consent to the operation while conditions are most favorable, together 
with a better understanding regarding the selection of cases, the mortality 
will eventually compare favorably with that of other major operations. 
Sauerbruch, with his enormous series of cases, and the Matson brothers 
of this country report an operative mortality, that is, fatalities within one 
week, of around 1 percent. ‘Their statistics are encouraging and imply 
that thoracoplasty can no longer be considered a dangerous operation. 
We have been unable so far to obtain such a low rate, due probably to 
the fact that our cases are not selected so carefully. Our policy has 
been one of extreme liberality. Ifa patient, who has no hope for re- 
covery without surgery, requests a thoracoplasty, it is granted even 
though the chances of weathering the storm are very slight. It is antici- 
pated, however, that we will be able to reduce our number of fatal cases 
and that our patients will come to understand better the facts regarding 
- chest surgery, so that they will consent earlier to operation. The usual 
causes of death following thoracoplasty are shock, wound infection, spread 
of the disease into the good lung and cardiac failure. Strange as it may 
seem, the muscular, well-nourished and ambulatory patient is usually 
a poorer risk than the thin, bedridden one. This is due to the fact that, 
owing to the thicker back muscles, more traumatism and more shock 
result in these individuals. The inexperienced surgeon will take chances 
because such patients are in good condition and as a rule their behavior 
during the operation regarding pulse and blood-pressure is satisfactory, 
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only to be followed within the next forty-eight hours by symptoms of 
shock, toxaemia and cardiac failure. Not being warned concerning this 
fact, more ribs are resected and greater liberties are taken than with the 
patient who is thin and sick in appearance. We make it a rule seldom to 
resect more than five ribs at one time, and, if necessary, perform the opera- 
tion in three stages. The upper stage is done first. This is used more or 
less as a test operation, as it is the more difficult, and as deeper muscles 
must be incised the operation is at times limited to the upper three ribs. 
If the patient undergoes the upper stage with little or no trouble, it is 
fairly good proof that the following operations will be borne with com- 
paratively less danger, providing the necessary precautions are taken. 
It is important to test the patient’s basal-metabolic rate, to study the 
pulse, blood-pressure, electrocardiograms, blood chemistry, vital capacity 
and kidney-function tests as a routine procedure, and for three days be- 
fore the operation to digitalize and place on a low-protein diet with a 
large intake of fluids. On the morning of operation the patient receives a 
hypo of § grain of morphine in a 15 per cent solution of magnesium 
sulphate one hour before and again when he is removed to the operating 
room. He is encouraged to empty his cavities thoroughly. The opera- 
tion, as will be described later in this paper, is performed under both 
local and general anaesthesia, and one assistant is detailed to keep a care- 
ful record of the pulse and blood-pressure, making readings every three 
minutes. If the blood-pressure falls below 80 or if the pulse-pressure is 
decreased to less than 20, the operation should be stopped at once and 
not continued until the condition of the patient is satisfactory. 

The description of the methods of extrapleural thoracoplasty which 
follows is simply a description of how we are doing these operations at 
present. There is no claim to originality and minor modifications are 
made from time to time as seem desirable. We try to make use of the 
experience of ourselves and others, and we do not feel that absolute 
standardization has yet been reached. The order in which the stages 
of a thoracoplasty are performed depend, of course, on the locality of the 
lesions in the lung. Indications strictly govern the surgical procedures. 
These indications have already been exhaustively discussed and no 
further reference to them need be made at present. An upper-stage, 
posterior thoracoplasty is the most frequent first step and this will be 
described first. 

Extrapleural, Posterior Thoracoplasty, Upper Stage: The incision be- 
gins at the level of the seventh cervical vertebra just below and internal 
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to the anterior edge of the trapezius, curving slightly toward the median 
line, descending vertically three or four fingers’ breadth from the spinous 
processes of the vertebrae and curving outward just below the angle of 
the scapula. This incision is deepened until the muscles are encountered. 
The interval below the lower margins of the rhomboids is sought and 
separation of the tissues made to the level of the ribs, sufficient to admit 
two fingers. The muscles joining the spine and scapula are separated by 
blunt dissection with the fingers from the underlying ribs and erector 
spinae muscles. The rhomboids are then divided with the scalpel in the 
line of the skin incision. Only important bleeders are caught with forceps 
and care is taken not to crush large muscle masses, oozing being controlled 
with hot sponges. The division of the muscles is continued up and down 
to the limits of the original skin incision. The scapula is now mobilized 
and retracted outward. Care is taken not to wound or cut into the mass 
of the erector spinae muscles, but it facilitates matters to separate at once 
the outer border from the angle of the ribs by sharp dissection. Next, the 
periosteum is removed from the second and third ribs. Incision is made 
longitudinally through the periosteum with a sharp knife or periosteal 
elevator. The periosteum is stripped from the outer surface ofthe rib 
and from its upper and lower margins, using any type of periosteal eleva- 
tor which suits the fancy of the operator. An elevator with a moderately 
sharp edge is necessary for rapid work and causes less maceration of the 
tissues. That it must be used carefully and care taken to avoid wound- 
ing the parietal pleura goes without saying. The periosteum is sepa- 
rated from the posterior aspect of the rib at the most convenient spot, 
and a Doyen raspatory inserted, and the stripping of the periosteum com- 
pleted. A most important point is to free the rib to the transverse proc- 
ess of the vertebra as resection must be made medially at its tip. If the 
rib ends are left longer than this, they seriously interfere with the re- 
sults of the operation. Ribs are now resected in the order of three—two 
—one, the exact amount depending on the individual case and the 
amount of collapse desired. The first rib is exposed by incision with the 
scalpel along its outer, posterior aspect and this margin freed of peri- 
osteum with an elevator. Periosteum is now removed from the lower 
surface of the first rib close to the spine for about an inch and a half. The 
same thing is now done to the upper surface, keeping at all times close 
to the spine and working toward it. These manoeuvres can only be 
partially accomplished by direct vision, the index-finger being freely 
used to orient oneself. A specially curved periosteal elevator is par- 
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ticularly useful in freeing the inner margin of the rib. Enough of the rib 
is freed to allow the index finger to be hooked easily around it. The 
special first rib-cutter is now applied and one-fourth to three-fourths of 
an inch of the rib is removed, keeping always close to the spine. The 
order of removal of these upper ribs is important. It is done in the 
sequence three—two—one; the fourth rib left intact holds out the first in 
its normal position. The removal of the second and third ribs gives 
access to the first, which is more easily dealt with if the fourth rib is 
intact. Depending on the condition of the patient, other ribs are now 
cleared of periosteum and resected. 

It is much better to do too little than too much. We rarely resect 
more than seven ribs at one stage. At present we are taking only five. 
These patients are all damaged. They are poor surgical risks as a rule 
and the difference in shock in taking one more rib may mean the difference 
between success and failure. While speed in operating is desirable, it 
should never be sacrificed to accuracy and gentleness. There is, neces- 
sarily, always a certain amount of bruising and tearing of tissues, but a 
sharp knife should be used wherever possible and bruising and macera- 
tion reduced to the minimum. Tissue evidently much damaged should 
be trimmed away. In some cases we have flooded the wound with the 
acetone-alcohol solution of mercurochrome in an effort to avoid possible 
infection. The disadvantage of this is an increased secretion of serum 
which occasionally gives some trouble. In the future, we intend to use 
ether, as we have done in our abdominal incisions with entirely satis- 
factory results. A good-sized rubber tube is now placed at the highest 
point of the wound and brought out at the lowerend. The muscles and 
fascia are now brought together with two continuous layers of no. 1 plain 
catgut. No vessels are tied. Necessary haemostats are left in place 
and the sutures so planned as to constrict the vessels on which they were 
placed. It is remarkable that, when the resection of the ribs has been 
completed and hot packs applied, bleeding entirely stops. The skin is 
accurately apposed by continuous lock-stitch of dermal, reinforced at 
appropriate intervals by single stitches of silk-worm gut. The latter 
have been found desirable to prevent subcutaneous oozing and if localized 
collections of serum have to be evacuated later, as sometimes happens, 
the whole wound does not have to be opened. A large dressing of gauze 
is now applied and over this several layers of two and one-half-inch ad- 
hesive. This strapping must be carefully and evenly applied to cover the 
whole dressing. It must not extend to the good side sufficiently to in- 
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terfere with respiration and it must not be applied too firmly; however, it 
must be firm enough to support the chest-wall and allow coughing. 

Paravertebral, Extrapleural Thoracoplasty, Lower Stages: These require 
little further description. The lower part of the former paravertebral 
incision is reopened. The incision extends downward to the level of the 
twelfth rib where it curves forward. While it takes nearly as large an 
incision to remove two or three ribs as six or seven, there should be no 
hesitation to make the incision large enough for convenient work, for 
violent retraction of the wound edges must be avoided. It is not the 
length of the wound of the soft parts so much as it is the stripping and 
cutting of the ribs which causes shock. 

Anterior, Extrapleural Thoracoplasty: These operations are sometimes 
required when the posterior operation has given insufficient collapse; 
two types have been employed here. First, by the method of Hedblom: 
Incision begins high up in the axilla and proceeds vertically downward. 
Incision is made down to the level of the ribs. All structures anterior 
and posterior to this line are separated from the anterior surface of the 
ribs. The second and third ribs are now freed of periosteum from the 
costochondral junction to their posterior extremity as this operation has 
always been preceded by a posterior paravertebral thoracoplasty. The 
entire remainders of the second and third ribs are now removed and the 
first and fourth dealt with if the indications require. The most difficult 
part of this procedure is the freeing of the first rib and this is not easily 
carried out if the under surface is freed first. ‘The importance and near- 
ness of various structures to this rib make it necessary to exercise great 
care when the inner border and upper surface are being freed. Special 
retractors are highly desirable and it is not an operation lightly to be 
undertaken. Its results are subjudice. 

By the second method, the skin incision is made vertically downward 
from the middle of the clavicle, curving slightly outward at its lower 
extremity. Tissues are divided in the line of incision until the ribs are 
reached and various lengths of ribs are removed from the costochondral 
junction outward. This is a much less formidable procedure than the 
operation first described, and we believe it to be the operation of choice. 

Anaesthesia: We are accustomed to perform the posterior operations 
under gas-oxygen anaesthesia, and a skilled anaesthetist is absolutely 
required. For the prevention of shock, we ordinarily precede the general 
anaesthesia by a blocking of the intercostal nerves. This is accomplished 
by raising a skin wheal about two fingers from the spinous processes and 
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parallel to them. Needles are now introduced through this wheal down 
to each rib. After striking a rib, the needle is first directed below the 
inferior border and 5 cc. of one-half per cent solution of novocain in- 
jected. A similar injection is made above the rib. As this procedure is 
continued, it will be seen that 10 cc. of novocain is deposited in each inter- 
costal space. This method appears to reduce operative shock, and it 
seems likewise to reduce the patient’s pain for the first twenty-four hours. 
Occasionally it is not practicable to use it, as it sometimes produces shock 
itself. The anterior operations can usually be done under local anaes- 
thesia; however, when Hedblom’s method is employed and the operation 
is done so long after the posterior procedure that regeneration of the inter- 
costal nerves has occurred, general anaesthesia will usually be required. 
In regard to the treatment in general of the intercostal nerves, it is our 
impression at present that it is undesirable to do more than temporarily 
block them. We are inclined to think that excision or permanent block- 
ing is undesirable, particularly of the lower intercostal nerves, as per- 
manent cutaneous anaesthesia and paralysis of the intercostal and ab- 
dominal muscles should theoretically, at least, be avoided. 

Postoperative Care: We endeavor to avoid routine procedures and each 
case is treated on its merits as indication arises; however, salt solution 
given in the thigh under the fascia lata is practically routine. It is given 
in amounts of 800-1000 cc. twice in twenty-four hours for the first, second 
and third days. It is rather painful, more so to some patients than 
others, but it is safe. There is no strain on the heart and it gives good 
results. Shock enemata of coffee and whiskey are often resorted to, and 
Murphy drip, sometimes with plain salt solution and others with whiskey 
and glucose added, is nearly always used. We feel that intravenous 
medication is peculiarly dangerous in this class of case. Blood trans- 
fusion is only resorted to when haemorrhage has been more profuse than 
usual, and even then it is given very carefully, slowly and in small 
amounts. 

Up to date we have performed 210 thoracoplastic operations on 120 
different patients and for statistical purposes have divided these cases into 
three groups,—those operated upon from 1922 to 1928, inclusive, which 
demonstrate more the end-results, and those in 1929 and 1930, showing 
more the immediate effects of thoracoplasty. 
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Summary of results of extrapleural paravertebral thoracoplastic operations 


1922-1928 1929 1930 
Thoracoplasties performed 30 22 


Cases of thoracoplasty: 
Left-sided cases 


Operations performed for pyopneumothorax with bronchial fistula. 13 

Cases of empyema (1 empyema necessitatis) 

Number of patients in whom partial pneumothorax had been in- 
duced before operation 25 

Number of patients on whom phrenicoexairesis had been per- 
formed prior to operation 18 

Deaths occurring within 3 months following operation 13 

(Indirect operative mortality. Indirect operative mor- 
tality generally refers to deaths taking place from one to 
three months after the operation, usually due to extension of 
the disease, cardiocirculatory failure, wound sepsis, and other 
complications which may be indirectly the result of 
operation.) 

Deaths occurring within seven days following operation. 

(Direct operative mortality. Direct operative mortality 
refers to deaths taking place the first week following thoraco- 
plasty, and includes shock, cardiac failure, anaesthesia, post- 
operative pneumonia, etc.) 

Due to shock 


Deaths occurring after 3 months following the operation 


Results of operation (summary). 
Apparently cured 
Arrested 


While it is difficult to compare the group of cases operated upon during 
the years 1922 to 1928, inclusive, with those of 1929 and 1930, inasmuch 
as it is too early to judge the late results of the 1929 and 1930 group, 


5 In 1922-1928 the cases were operated upon by Majors W. H. Thearle and C. R. Pollock, 
and Capt. H. A. Bishop, Medical Corps, U. S. Army; those of 1929 and 1930 by Major Joseph 
Casper, Medical Corps, U. S. Army. 
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still an accurate comparison of the operative mortality can be made. 
Among the 1922 to 1928 group, 8 (8.6 per cent) operative deaths occurred, 
as compared with no operative deaths in 1929 and 2 so far in 1930. This 
is probably due to greater care in selecting cases, improved operative 
technique, and better adjustment of the extent of the operation to the ia 
patient’s condition. 


Causes of death in thoracoplastic cases 


1922-1928 1929 1930 


1. Spread of disease in contralateral lung.................... 7 0 0 
2 General progression of tuberculosis. .................e000e 10 0 0 
5. Spontaneous pneumothorax, contralateral lung............ 2 0 0 
10. Streptococcic infection of wound and pneumonia........... 1 0 0 
Thoracoplastic cases and operations by years from 1922 to 1930, inclusive 
1922 1923 1924 1925 1926 1927 1928 1929 1930 Total 
ING Wi CARES 1 9 16 29 25 8 4 14 14 120 


SUMMARY 


1. Thoracoplasty has a well-established place in the treatment of ad- 
vanced chronic pulmonary tuberculosis. 

2. It should be advised when adhesions prevent a successful pneu- 
mothorax collapse. 

3. It is applicable to advanced unilateral cases with cavitation and 
showing evidence of fibrosis. 

4. If one lung is practically destroyed and the other hypertrophied, 
even though it is involved, thoracoplasty is not contraindicated providing 
the lesions are fibrous and the involvement not too extensive. 

5. Cavities in the contralateral lung will frequently heal after thoraco- 
plasty. 

6. A phrenic-nerve operation should be performed as a preliminary to 
a complete thoracoplasty. 

7. Cases of pyopneumothorax with a good contralateral lung are best 
treated by phrenicoexairesis, followed by posterior and anterior thora- 
coplasty. 
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8. In bilateral cases, an upper-stage thoracoplasty may enable us to 
collapse a cavity at the apex of the worst lung and bring about improve- 
ment in both lungs. 

9. Every effort should be made to lower the operative mortality, for 
in so doing we can improve the morale of our patients and gain their con- 
sent to early operation. 

10. This can be done by thorough preoperative preparation, good 
operative technique, and careful postoperative care. Never resect more 
ribs than five. Make no exception and take no liberties with the well- 
nourished, muscular patient. 
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Fic. 1. Col. T. Developed pulmonary tuberculosis in 1914. Retrogressed at intervals 
until 1924, when admitted to Fitzsimons General Hospital critically ill. High fever and 
haemorrhages. Large cavities, upper lobes, both lungs. Tuberculous pneumonia below 
cavities. Right apicolysis performed November 5, 1924. Great improvement followed, 
so that patient could undergo upper-stage thoracoplasty June 22, 1925. Following this 
made a complete recovery, cavities in both lungs obliterated. Patient died April 18, 1926, of 
tuberculous meningitis. Autopsy showed pulmonary tuberculosis and cavities completely 


obliterated. 


Fic. 2. Col. T. After recovery following apicolysis and upper-stage thoracoplasty, right 
lung. 
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Fic. 3. Left lung of Col. T., showing healing of cavity in contralateral lung following 
thoracoplasty. 


Fic. 4. D. Showing partial artificial pneumothorax and upper-stage thoracoplasty, 
left lung. Collapse therapy on account of repeated severe haemorrhages. Cavity obliter- 
ated and patient apparently cured. 
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Fic. 5. D. 43 years after thoracoplasty, apparently cured, and showing no external 
deformity of the chest. 


Fic. 6. L. Right lung almost completely destroyed by cavitation. Phrenicoexairesis in 
February, 1929. Complete thoracoplasty, September and October, 1929. Cavities obliter- 
ated. Patient markedly improved. Ambulatory. 
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Fic. 7. L. (a) before and (b-c-d) after operation. Patient emaciated, and terminal 
advanced pulmonary, intestinal, and laryngeal tuberculosis. Ambulatory 4 months after 
operation. 


Fic. 8. Lt. H. Artificial pneumothorax, partial, since 1927. Phrenicoexairesis in Febru- 
ary, 1929. Right upper-stage thoracoplasty, September and October, 1929. After operation, 
marked involvement in contralateral lung showed a clearing with increased fibrosis, and cavity 
in collapsed lung obliterated. 
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RADICAL PHRENICOTOMY 


THOMAS BAYRON AYCOCK! anp CHARLES C. HABLISTON! 


Collapse therapy has earned a permanent and well-deserved place in 
the treatment of pulmonary tuberculosis. Of the three universally used 
procedures, phrenicotomy has been attended by more varying degrees 
of success than either pneumothorax or thoracoplasty, brilliant results 
and utter failure occurring in cases subjected to identical operative 
procedures. 

Successful paralysis of the hemidiaphragm should be attended by a 
favorable influence on the course of pulmonary tuberculosis. The value 
of collapse, as evidenced by the results of artificial pneumothorax, is 
beyond question, and few of us will doubt the réle played by immobiliza- 
tion in the healing of advanced disease, after viewing the ankylosed spine 
of spontaneously healed Potts disease, or of the response of the actively 
tuberculous joint to immobilization effected through plaster casts. 
Successful hemidiaphragmatic paralysis results in considerable elevation, 
producing collapse of lung tissue amounting perhaps to one-fourth its 
volume. Equal in importance is its immobilizing feature, the absence 
of the downward piston action of the diaphragmatic excursion, lessening 
pulmonary movement by perhaps one-third. It is reasonably probable 
that the diaphragm is the most important muscle concerned in the aera- 
tion of the apex, so that small wonder should exist over the healing of 
apical lesions following phrenicotomy. 

First proposed by Stuertz in 1911, the operation consisted of exposing 
and cutting out a small section of the nerve in the neck, where it passes 
over the scalenus anticus muscle. This method was attempted by us in 
our first case some years ago, for the relief of chronic lung abscess situated 
a few centimetres above the diaphragm. The nerve was exposed and cut, 
and both ends turned back. A complete failure in relief of symptoms 
resulted, nor could either elevation or paralysis of diaphragm be demon- 
strated. It is the purpose of this paper, by reporting anomalies of the 
phrenic nerve demonstrated by us, to call attention to the causes of 
failure of phrenicotomy. 


1 Baltimore, Maryland. 
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Like other collapse procedures, success must depend upon the careful 
selection of cases subjected to the procedure. We have seen no result 
of phrenicotomy in acute exudative tuberculosis, the disease progressing 
with practically no change in its clinical course following operation. Our 
best results have been obtained in fibroulcerative disease, with good 
contralateral lung, the progress of which was stationary or slowly pro- 
gressing. It has been a frequent observation that the amount ofsputum 
has been reduced 50 per cent in the first twenty-four hours following 
operation. Most beneficial results have been observed in those cases 
with dense pleuritic adhesions and with the retracted immobile thorax, 
in which inspiration is largely diaphagmatic. Complete failure has 


Fic. 1 


Schematic drawing, showing on the left side a normal phrenic nerve originating from the 
fourth cervical roots with additional fibres from the third and fifth. The nerve runs obliquely 
across the scalenus anticus muscle and passes between the subclavian vein and artery. It 
receives no associate fibres. The right side shows the main trunk originating from the third 
and fourth cervical roots. (Note: The position of this nerve differs somewhat from the one 
illustrated on the opposite side.) The main trunk passes between the subclavian vein and qf 
artery, but the associate branch comes from the nerve to the subclavius muscle, which is 4 i 
shown in the diagram coming from the fifth cervical trunk and passes in front of the sub- a 
clavian vein. It joins the main trunk approximately one inch below the lower border of the 
subclavian vein. 


Fic. 2 


Schematic drawing, showing on both sides the main-stem of the phrenic nerve arising from 
the fourth cervical root and associate branches coming from the third cervical root on the 
left and the fifth on the right. Both associate branches on the two sides pass between the 
subclavian vein and artery. They both also join the main trunk of the phrenic at the lower 
border of the subclavian vein. 


occurred when pleurodiaphragmatic adhesions existed, and no result 
could reasonably be expected with a fixed diaphragm. A favorable in- 
fluence on apical cavities has been demonstrated. We therefore feel 
that benefits result, not only from reduction in lung volume, but to an ‘ 
equal, if not greater extent, from immobilization of the lung tissue. 

For several years clinicians and surgeons have been aware of the fact 
that section alone of the phrenic nerve does not, in the majority of cases, 
eliminate all unilateral diaphragmatic function. Radical phrenicotomy 
implies interruption of the accessory phrenic nerve and branches from 
the cervical sympathetics, as well as the main phrenic stem itself. The 
latter procedure has been done clinically only since 1921. 
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Stuertz (1) in 1911 first attempted hemidiaphragmatic paralysis. He, 
at that time, attempted it on patients in whom artificial pneumothorax 
or other procedures could not be done satisfactorily. In addition, he 
performed it for cases of bronchiectasis and abscess cavities when the 
site of the lesion was near the base of the lung. Sauerbruch (2) in 1913 
reported 5 cases of bronchiectasis that showed marked improvement 
following the same operation. Since the latter did not know that 
Stuertz had performed this operation on similar cases two years earlier, 
we must necessarily credit both men with originality relative to this 
procedure. The same year Schepelmann (3) recommended it as anaid in 
the treatment of early tuberculosis. 

The operation was tried by a number of surgeons, but fell into more or 
less disrepute because they found that in the majority of cases, immed- 
iately or a short time afterward, there persisted diaphragmatic move- 
ments. Walther (4), as early as 1914, reported 26 cases of simple 
phrenicotomy with no attempt at resecting the accessory nerve, when 
present. He found that more than half of these cases continued to have 
small normal diaphragmatic movements, and five of the remaining ones 
lost the paradoxical movements that were present, immediately follow- 
ing operation. Goetze (5) several years later observed the return of 
nonparadoxical movements within five days following the simple proce- 
dure. 

In 1922 Felix (6) stated that if a radical phrenicotomy were done the 
diaphragm would rise higher than it would following the simple procedure, 
and that it would lose all its tonus, becoming an inert membrane. His 
explanation for this difference in behavior is based on his anatomical 
findings which briefly are as follows: 


The origin of the phrenic nerve is chiefly from the third, fourth and fifth cervi- 
cal nerves, with additional fibres from the sixth, seventh and eighth cervical 
nerves and occasionally fibres from the first thoracic. 20-30% of all persons 
have an accessory phrenic nerve which usually arises from the fifth cervical 
root but sometimes wholly or in part from the third, fourth or sixth. 


Goetze (7) states that 80 per cent of all persons, and Sauerbruch (8) 
37.8 per cent, have accessory phrenic nerves which usually rise from the 
fifth cervical trunk, though not infrequently from one or more additional 
cervical nerve-roots. Matson and Plencke (9), working on a series of 
120 cases at the Jubliennespital Vienna in 1925, found that 35-40 per 
cent of all phrenic nerves received an accessory branch from the nerve 
to the subclavius muscle. : 
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We have recently had the opportunity of dissecting 130 phrenic nerves 
n the Anatomical Laboratory of the University of Maryland. Our 
indings, however, do not differ materially from the reports of the above, 
ut they do help to substantiate our contention that, in order to assure 
omplete immobilization of the diaphragm, the radical procedure must 
ye resorted to. 

The main trunk of the phrenic nerve was found to arise chiefly from 
he fourth cervical root, and in most instances receive fibres from the 
hird and fifth. Additional fibres are acquired in some instances from 
he sixth and seventh cervical roots, but the latter fibres, when present, 
join the main trunk below the site of a simple phrenicotomy. The main 
trunk of the nerve is accompanied for a short distance by the ascending 
cervical artery. It begins at the outer border of the scalenus anticus 
muscle, runs downward and inward deep to the sternocleidomastoid 
muscle, transverse cervical artery, and central tendon of the omohyoid 
muscle. It runs obliquely across the ventral surface of the scalenus 
anticus muscle, sometimes within its ventral sheath. It usually lies 
anterior to the scalenus anticus muscle above the level of the central 
tendon of the omohyoid muscle, though not infrequently it is found at 
the outer border, and in two cases of the series it was found 2 cm. lateral 
to it. It is also not infrequently found dorsal to the carotid sheath, 
although in the majority of cases it lies lateral to it. It continues down- 
ward and inward, and in most instances passes ventral to the subclavian 
artery and dorsal to the subclavian vein. In 4 cases of the series, how- 
ever, it was found to pass ventral to the subclavian vein. There were 

46 nerves in this series (35.38 per cent) that received no associate branches. 

Thirty-three were found to communicate with the middle and inferior 

cervical ganglia, helping to form the suprapleural plexus. This supra- 

pleural plexus, consisting of myelinated and nonmyelinated nerve-fibres, 
lies on the dome of the pleura and around the subclavian vein and artery. 

The myelinated fibres are derived from the fifth, sixth, seventh and 

eighth cervical roots, and the nonmyelinated fibres from the middle and 

inferior cervical ganglia. Branches from this plexus enter the phrenic 
nerve on a level with the subclavian vein and descend with it to the dia- 
phragm. ‘Ten of these 33 cases had additional fibres coming from the 
nerve to the subclavius muscle, joining the phrenic. This type will be 
described later. 

There were 17 cases in the series that showed associate branches that 
lay from 1 to 3 cm. lateral to the main nerve-trunk. They arose either 
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‘om the third, fourth, fifth or sixth cervical root, usually passing dorsal 
9 the subclavian vein, although in a few instances they passed ventral to 
In the cases in which they ran dorsal to the vein they uually joined 

he main trunk of the nerve at the lower border of the vein. When 
hey passed ventral to it they usually joined it about 2 cm. lower down. 
In addition there were 44 cases that showed an accessory branch from 
he nerve to the subclavius muscle. The nerve to the subclavius muscle 
sually arises from the fifth cervical root, and runs downward along the 
iteral border of the scalenus anticus muscle, crossing its lower attach- 
ment to the subclavius muscle. This additional branch arises from the 
ubclavian nerve before it supplies the muscle. In 38 of these 44 cases, 


Fic. 3 


Schematic drawing, showing on the left an associate nerve trunk passing dorsal to the 
left subclavian vein as well as a supplementary branch joining the main-stem of the phrenic 
nerve at a lower level. The branch from the subclavian nerve passes ventral to the sub- 
clavian vein. On the right the main trunk is shown arising from the third, fourth and fifth 
cervical roots. The associate nerve on this side is from the nerve to the subclavius muscle, 
and it joins the main trunk of the phrenic below the level of the right subclavian vein. Note 
this accessory branch passes ventral to the right subclavian vein. It can also be seen that the 
nerve to the subclavius muscle arises from the upper trunk of the brachial plexus. 


Fic. 4 


Schematic drawing, showing double phrenic on the left with communicating branch be- 
tween them. On the right there is an associate branch resembling a double phrenic nerve, 
but it is a branch from the nerve to the subclavius muscle. Both trunks on the right pass 
ventral to the right subclavian vein, whereas on the left the main phrenic and its communicat- 
ing branch pass dorsal to the left subclavian vein but the associate passes ventral to the left 
subclavian vein. 


this associate accessory phrenic ran ventral to the subclavian vein and 
joined the main trunk of the phrenic nerve approximately one inch below 
the border of the subclavian vein. Three of these 44 had, in addition 
to the nerve to the subclavius, still another supplementary branch that 
arose from the third, fourth or fifth cervical root. These latter supple- 
mentary trunks ran dorsal to the subclavian vein, whereas the nerve 
coming from the subclavian nerve passed ventral to it. It will be noted 
in the diagram that this peculiar arrangement of the two associate nerves 
may catch the vein in a fork during avulsion of the nerve in radical 
phrenicotomy. In the remaining three the accessory nerve from the 
subclavian nerve passed dorsal to the subclavian vein. In one case, 
however, it passed directly through the vein. 
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One of the most interesting observations is the anatomical difference 
elative to the two sides. There is never, in our experience, the same 
ondition existing in every detail, on the two sides in the same cadaver. 
ne side may show all accessory branches atypical in position, whereas 
he opposite side may be normal in every respect. Neither is there any 
‘rreater predominance of abnormalities on one side in comparison with 
chat of the other. 

It is apparent from these anatomical observations that the associate 
yranches demonstrated join the main trunk of the phrenic nerve within 
. distance of 11 cm. from the lateral border of the scalenus anticus muscle. 

Because of the foregoing facts, based on the experience of others and 
our own findings, we feel that in order to secure complete immobiliza- 
tion of the diaphragm and to secure the maximum collapse both the 
main trunk and all accessory branches must be severed. It was because 


Fre: 


Schematic drawing, showing double phrenic nerves on the two sides. On the left both pass 
dorsal to the left subclavian vein. On the right both pass ventral to it. Note the difference 
in position relative to the scalenus anticus muscle, as well as the difference in origin from the 
cervical roots. 

Fic. 6 
Schematic drawing, showing on the left a plexus between the inferior cervical ganglion and 
the phrenic nerve. This plexus lies behind the subclavian and carotid sheath. On the right 
is an accessory nerve arising from the seventh cervical trunk. Note that this branch passes 
ventral to the vein. 


of these observations that the terms radical and simple phrenicotomies 
came into being. Following the radical procedure the diaphragm never 
regains its tone or loses its paradoxical movements. ‘The diaphragm 
rises higher after radical phrenicotomy and loses all its tonus, becoming 
an inert membrane (Felix (6)). On the other hand, it has been definitely 
proved that pinching, injecting or cutting, followed by suturing of, the 
main stem of the nerve, will be followed by almost complete return of 
function within four to six months. 

So far as we have been able to find in the literature, there has been no 
careful observation made relative to the regeneration of the human 
phrenic nerve. It is believed, however, that the human phrenic is 
similar in structure to other peripheral nerves. It can be implied, 
however, from the anatomical facts that return of function following 
simple phrenicotomy obviously cannot necessarily be attributed to nerve 
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regeneration, when there is the possibility of continuance of function by 
associated trunks. 


Ric. 7 


Schematic drawing, showing on the left side communicating branches between the main- 
stem of the phrenic nerve and the middle and inferior cervical ganglia, as well as an associate 
branch joining it from the nerve to the subclavius muscle. On the right is a double phrenic 
nerve crossing the anterior surface of the scalenus anticus muscle, as well as an associate nerve 
from the nerve to the subclavius muscle. 


Therefore, the question that is foremost in the minds of clinicians and 
surgeons to-day is whether the entire motor and cervical sympathetic 
nerve-supply is interrupted. From the above it can be seen that the 


t 
| \ 
if 
€ 
AL 
\ 
\\ 
| 
% 
| 
| 
| | 


RADICAL PHRENICOTOMY 767 


majority of phrenic nerves receive associate fibres at a lower level than 
the site of asimple phrenicotomy. If these accessory fibres are not inter- 
rupted, hemidiaphragmatic paralysis is not complete. If this be true, 
then there is obviously less atrophy of the dome as well as less elevation 
of the diaphragm than is the case when all accessory fibres are severed. 
Following radical phrenicotomy, however, the diaphragm continues for 
some months to atrophy, stretch, and rise higher by virtue of the differ- 
ence between the positive intraibdominal and negative intrapleural 
pressure. This fact was brought out by Hans Alexander (10), who found 
an average rise of 2.15 cm. following simple phrenicotomy and 4.25 cm. 
following the radical procedure. Felix found an average rise of 3 cm. 
following the simple procedure and 7 cm. subsequent to the radical. 

We have made no personal observations relative to the reduction of 
lung volume. From the literature, however, it appears to be the opinion 
of most clinicians and surgeons that, subsequent to a radical phrenic- 
otomy, there is effected considerable rest for the lung on the operated 
side. Henchen (11) attributed one-third decrease in lung volume following 
this procedure while Brunner (12) concluded that a 2400-cc. lung volume 
was decreased from 400 to 800 cc. For the same lung volume he only 
attributed 600 to 900 cc. decrease through extrapleural thoracoplasty. 

From the foregoing it is obvious that the important thing is to produce 
a complete paralysis of the hemidiaphragm. The experience in our 
clinic proves to us that there is improvement following operation even 
with apical lesions. When any case, however, demands pulmonary 
compression or rest, every effort should be made by the clinician and the 
roentgenologist to determine if the diaphragm is so bound down by 
adhesions that little or no elevation is to be expected after paralysis. In 
some cases, however, the mere cessation of diaphragmatic movements 
will prove of sufficient benefit to justify operation. Most surgeons feel 
that it should not be advocated as an independent procedure, for in 
many cases it must necessarily be followed by artificial pneumothorax, 
extrapleural thoracoplasty, or similar procedures. We do, however, 
warmly advocate it as a supplementary procedure in certain cases which 
should be carefully selected, the procedure of the surgeon being largely 
guided by the advice of the clinician. 
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CONCLUSIONS 


1. Approximately 65 per cent of phrenic nerves in this series either 
showed anomalies or received accessory fibres below the usual site of 
operation. 

2. To ensure the maximum beneficial results, that should attend 
hemidiaphragmatic paralysis, phrenicoexairesis should be performed 


rather than simple phrenicotomy. 
3. It is of the utmost importance to remove at least 11 cm. of the dis- 
tal portion of the nerve, in order to ensure the desired result. 
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PHRENICOEXAIRESIS IN PULMONARY TUBERCULOSIS! 


ALEXANDER T. COOPER® 


As far as can be determined, operation on the phrenic nerve was first 
suggested by Stuertzin 1911. It was recommended particularly by him 
for basal tuberculosis with cavitation. Later on, in 1913, Schepfermann 
and Sauerbruch reported cases that had pulmonary tuberculosis treated 
by avulsion of the phrenic nerve (phrenicoexairesis). 

It is the opinion of most chest clinicians and surgeons that the benefits 
following phrenicoexairesis are in all probability due to a lessening of the 
motion of the side that is operated upon, as one of the cardinal principles 
of treatment in pulmonary tuberculosis is rest, and by lessening motion 
and action of any respiratory muscle there is a lessened burden placed on 
the lung of the same side. If this result can be achieved by a minor 
operation, such an operation must react beneficially. The diaphragm, 
one of the major muscles of respiration, is probably permanently para- 
lyzed following phrenicoexairesis, by which a suitable length of the 
phrenic nerve and its branches is avulsed. The pumping or piston action 
of the diaphragm is lessened on the side of the chest operated upon. Itis 
well to bear in mind that there is also a definite lessening of the air 
capacity in the thorax on the side which is operated upon, following 
successful operation, and that there too will be some definite compression 
and collapse of the lung. 

Operations on the phrenic nerve for the treatment of pulmonary tuber- 
culosis have been employed at the Fitzsimons General Hospital as a 
matter of record since approximately 1922. The operation used in 
practically all cases at this hospital has been phrenicoexairesis. This isa 
simple and comparatively safe operation and is done here under local 
anaesthesia, as arule. Records show that from 5 to 17 cm. of the nerve 
have been avulsed, with few exceptions. The technique of the operation 
will not be described, as this study is one on the clinical results from the 


operation. 


1 From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 
2 Published by permission of the Surgeon-General, U. S. Army. 
3 Lieutenant-Colonel, Medical Corps, U. S. Army. 
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During the past two years it has appeared to the writer that the phrenic 
operations have given results warranting the compilation of some data. 
It has been noted that many of the patients, following operation, experi- 
enced considerable relief as far as distressing cough was concerned, in that 
they were not disturbed so much at night by paroxysms of coughing 
which many of them had experienced before, and that their sputum was 
raised with less effort. This has been the experience of patients, even 
when the lower part of the lung on the side operated upon was only 
slightly involved and the central and upper parts of the lung had extensive 
tuberculosis with some cavitation. 

The immediate result of phrenicoexairesis is to cause paralysis of the 
corresponding half of the diaphragm. When this is not bound down by 
adhesions, a rise of the leaflet soon ensues, reducing the volume of the 
thoracic cavity on the operated side, according to some authors by from 
one-fifth to one-fourth. The average rise in the diaphragm is approxi- 
mately 4cm. It has been noted at this institution that there may be a 
rise of as much as 7 to 8 cm. following operation. This rise may result in 
a few days or ensue gradually after several weeks or months. In success- 
ful operations the diaphragmatic leaflet will usually be raised as high as 
5cm. No untoward results have been noted even months following the 
operation, nor are any of record, although several cases have been under 
observation for more than four years. 

Operation on the phrenic nerve is considered to be most useful in 
unilateral tuberculosis, in which the lesions are practically limited to the 
central or lower part of one lung. However, it is well to bear in mind 
that tuberculosis is practically always a bilateral disease, and the ideal 
case for operation, as far as the extent of pulmonary tuberculosis is con- 
cerned, is rarely encountered. It has been found that phrenic-nerve 
operation on the most involved side, where there has been cavitation, 
not only improves the most involved side, but that smaller cavities in the 
contralateral lung have tended to contract and fibrose, and any smaller 
lesions in the contralateral lung may tend to resolve. This is not an 
inevitable sequence, however, but has been one of the happy results 
noted, and at the present time we do not consider small cavitation in the 
contralateral lung a definite contraindication. 

One hundred and three cases in which a phrenic-nerve operation was 
done were studied. Ninety-six of these patients had active pulmonary 
tuberculosis. In 6 cases the operation was done for bronchiectasis, 
there being no clinical pulmonary tuberculosis present. One of these 
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patients had a pulmonary abscess in conjunction with the bronchiectasis, 
and phrenic-nerve operation was done on one patient diagnosed as having 
frank pulmonary abscess. Of the total 103 cases, as seen in table 1, 
52 were operated on the right side and 51 on the left side. Seventeen of 
these operations were done preliminary to thoracoplasty, one as pre- 
liminary to a Jacobaeus operation while the patient was receiving 
pneumothorax therapy, one preliminary to an unroofing operation for 
empyema, and one preliminary to thoracotomy. As noted in table 1, 
of the 103 cases 38 showed no rise of the diaphragm and 65 a definite rise 
on the side operated upon. It was noted that, when there was elevation 
of the diaphragm, the latter became fixed and there was little or no motion 
noted by the fluoroscope on ordinary respiration. When there was no 
rise, there was usually shown by X-ray examination an increase in 
density at the base, which was probably due to rather extensive pleuritic 
adhesions which prevented the diaphragm from rising. However, it was 
noted that, even when there was no rise after operation, there was a loss 
of diaphragmatic motion on the side operated upon. 

Of the 52 operated upon on the right side, 37 showed a rise in the 
diaphragm and 15 no diaphragmatic elevation; of the 51 operated upon 
on the left, 28 showed a rise and 23 no diaphragmatic change. It will 
thus be seen that the chances of successful result on the right side were 
approximately sixteen per cent greater than on the left. 

Of the 65 who showed a rise of the diaphragm, 33, or 50 per cent, 
showed a decrease in cough and expectoration, while in 32, or 49 per 
cent, the ward-officer reported no change or an increase in cough and 
expectoration, as measured by the sputum cup. Of the 38 without rise 
of the diaphragm, the cough and expectoration was lessened in 11, or 28.9 
per cent, and there was no change or an increase in 27, or 71 percent. Of 
the total 103 cases, there was reported a decrease in cough and expectora- 
tion in 44, or 42.7 per cent, after the operation and in 59, or 57.2 per cent, 
there was no change or an increase. 

In table 2, 96 cases of pulmonary tuberculosis that were operated on 
were studied as to whether or not there was any spread to the contra- 
laterallung. Ofthe 61 who showed arise, 15, or 24 per cent, had a spread 
to the other lung, and 46, or 75+ per cent, had no spread. Of the 35 
cases with pulmonary tuberculosis and with no rise of the diaphragm, 13, 
or 37+ per cent, showed a spread to the contralateral lung or an increase 
of the tuberculous process, and 22, or 62+ per cent, showed no spread to 
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772 ALEXANDER T. COOPER 
the contralateral lung from the last available report. Some of the obser- 
vations on this are incomplete in that the last available report in some 
cases was only a very short period after operation, the majority of the 
patients, however, having been observed and having been reported upon 
from six months to a year after operation, and a few more than four years. 
There were 17 of the 96 tuberculosis cases in which phrenic-nerve 
‘ operation was done before thoracoplasty, one before a Jacobaeus opera- 
tion, one before thoracotomy operation, and one before an unroofing 
operation for chronic suppurative empyema, a total of 20 cases studied. 
The results in these cases are noted in tables 2 and 3. We also had 9 


TABLE 1 
Phrenic-nerve operations 


DIAGNOSIS 


Pulmonary tuberculosis 
Bronchiectasis 
Pulmonary abscess 


Total phrenic-nerve operations 


COUGH AND 
EXPECTORATION 


Decrease 


No change 
or increase 


37 
71.1% 


15 
28.8% 


28 
54.8% 


23 
45.1% 


33 
50.7% 


11 
28.9% 


32 
49.2% 


27 
71% 


52 
50.4% 


51 
49.5% 


44 
42.7% 


59 
57.2% 


cases in which a thoracoplastic operation was followed by phrenic-nerve 
operation, as it was felt that this procedure would assist in collapsing the 
lower part of the lung which was uncollapsed by thoracoplastic opera- 
tion in which the disease showed a tendency to remain active. 

It will be seen by tables 2 and 3 that, of 9 cases which were preceded by 
a thoracoplastic operation, a rise of the diaphragm was obtained in 7, or 
77.7 per cent, which would indicate that, even following a thoracoplastic 
operation, a phrenicoexairesis might be of definite benefit in aiding fur- 
ther collapse of the lung, and that in over half of the cases which followed 
thoracoplastic operation successful result was obtained. 
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Of the 96 tuberculosis cases of record, 19 died some time after opera- 
tion, as follows: 


CAUSE OF DEATH 
10 months Retrogression 
10 months Blockage of secretion in cavity; 
cardiac failure 
1 to 13 years Retrogression 
1 to 1} years Retrogression 
More than 13 years | Retrogression 


A personal interview was had with 31 patients upon whom phrenico- 
exairesis had been done. The interview was to ascertain what the symp- 
toms were, and these were tabulated as far as the gastrointestinal tract 
was concerned, more particularly the stomach, immediately after and 
following the operation. Ernst reported that in November, 1929, there 
had been no evidence of cardiospasm, as far as he was able to ascer- 
tain, following the operation. It has been our impression that the 
majority of patients had little if any gastric symptoms referable to the 
operation, but that occasionally some gastric symptoms would develop 
which were directly traceable to the operation. 

In personally interviewing 31 patients, the following data were 
obtained: 

Nineteen, or 61+ per cent, stated that they felt no gastric or intestinal 
symptoms following the operation. Seven, or 22+ per cent, stated that 
they had noticed for a few weeks following operation some gaseous dis- 
tention of the stomach above the usual. However, as a rule, the symp- 
toms were slight and negligible, and passed off in a few weeks. 

Five, or 16+ per cent, complained of rather marked gastric symptoms. 
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These consisted of persistent yet rather indefinite gastric pains referable 
to the epigastrium, regurgitation of food after meals, occasional attacks 
of nausea, and actual vomiting. They were not severe enough, however, 
to cause any marked decrease in weight, or undernutrition greater than 
what had been prior to operation. 


TABLE 2 
Tuberculosis cases having phrenic-nerve operation: (96 cases) 


CONTRALATERAL LUNG | PRECEDED FOLLOWED BY OPERATION 


DIAPHRAGM 
No - | Thoraco- peas Unroof- | Thora- 


Spread spread plasty aeus ing cotomy 


61 15 46 9 1 
63.5% | 24.6% | 75.4% 


35 13 22 
36.4% | 37.1% | 62.8% 


96 28 68 
29.1% | 70.8% 


TABLE 3 
Thoracoplastic operation preceding phrenic-nerve operation: 9 cases 


DIAPHRAGM 
UNIN- 
No PROVED 


change 


Rise 


3 1 1 2 
75% 25% 25% 50% 


4 1 2 3 
80% 20% 40% 60% 


7 2 3 5 1 
77.7% | 22.2% | 33.3% | 55.5% | 11.1% 


It has been a mooted question as to whether operation on the phrenic 
nerve was indicated when cavities were present and were largely limited 
to the upper lobe, the lesions in the lower lobe being scattered and dis- 
crete, and there being no cavitation in the lowerlobes. It isin some cases 
such as this that there has been noted a definite contraction, with decrease 
in cavitation and increase in fibrosis in the apical lesions following such a 
procedure, and, by actual measurement of X-ray plates of the lower part 
of the less-involved portion of the lung in the lower lobe, before and 
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after phrenicotomy, that there has been a greater contraction of the 
more-involved portion at the apex than of the lower lobe For instance, 
in one specific case the length of the lung on the involved side before 
operation measured 25 cm., of which 15 cm. was in the more-involved . 
area at the apex. The length of the lung after operation was 22 cm. if 
The length of the involved area then measured 13 cm., thus showing a 


TABLE 4 
Gastrointestinal symptoms following phrenicoexairesis 


SYMPTOMS 
MARKED 


3 (9.6%) 
2 (6.4%) 


5 (16.1%) 


SYMPTOMS 


SLIGHT NO SYMPTOMS 


6 (19.3%) 
13 (41.9%) 


19 (61.2%) 


Total: 31 cases, 


TABLE 5 
Series of cases studied as to effect on cavities 


MIDLUNG OR BASE 


Decrease Decrease Decrease 


increase increase 


6 3 2 13 
852% | 75% | 25% |100% 


1 
142% 


Left 5 9 1 20 
352% 642% 100% 25% 75% 6022% 


A further survey of 19 cases 4 
showed the following........ 2 § 3 5 3 1 19 a 


52 


6 
11.5% 


6 
11.5% 


8 
15.4% 


20 
38.5% 


Grand 


15.3% 7.7% 


total compression of 3 cm., 2 cm. of which was in the apex where was the 
greatest tuberculous involvement. On the contrary, it has been defi- 
nitely noted in one of the cases studied that, even with a large 4- to 5-cm. 
cavity in the base of one lung, following a phrenic-nerve operation with 
definite rise of the diaphragm, there was no decrease in the size of the 
cavity, but the cavity continued to enlarge. This, however, was one of 
the unusual and rather exceptional cases. 
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A series of 33 of these cases were studied as to the effect on the cavities 
inthelung. Ofthese 33 cases, 13 were operated upon on the right side and 
had cavities. Of these 13, seven had cavities in the right apex; one of 
these showed a definite decrease in the cavity of the right apex and 6 
showed no change or an enlargement. Two of these latter six, in addi- 
tion, received pneumothorax. Four cases were operated upon on the 
right side and had cavities in midlung or base. Three showed a definite 
decrease in the size of the cavity after operation and one showed no 
change or a retrogression. Two of the cases had general disseminated 
cavitation throughout the right lung, and both of these showed improve- 
ment and a decrease in the size of the cavities. Twenty cases were oper- 
ated upon on the left side who showed cavitation and whose X-rays were 
available for study. Fourteen of these had apical cavities. Five of 
them showed a definite decrease in the cavities at the apex, and three of 
these in addition received pneumothorax. Nine cases with cavities at 
the apex showed no change or an increase in the size of the cavities. Two 
cases were operated upon on the left side who had cavities in midlung or 
base. No definite improvement in the size of the cavity was noted in 
either of these cases.. Four cases were operated upon on the left side 
and had general cavitation throughout the left lung. One showed a 
decrease in the cavitation and 3 showed no change or retrogression. 
Therefore, of the total 33 cases we have 21 who were operated upon and 
who showed cavities in the apex, 6 showed a decrease in the cavities after 
operation, 3 of whom in addition received pneumothorax, and, of the 6 
with cavities in the base or midlung, 3 showed a decrease in cavitation 
and 3nochange. Of six cases with rather generally disseminated cavita- 
tion throughout the lung, three showed a decrease and three showed no 
change or retrogression. 

A further study of 19 additional cases was made later. This gives a 
survey of a total of 52 cases of cavities studied with the following results: 
Those having cavities at the apex which were decreased, 8, or 15.4 per 
cent; those showing an increase or no change in cavitation, 20, or 38.5 per 
cent; those showing cavities in midlung or base with decrease in cavita- 
tion, 6, or 11.5 per cent; those showing increase or no change in cavitation 
in base or midlung, 8, or 15.3 per cent; those with cavities generally 
throughout the lung showing a decrease in cavitation, 6, or 11.5 per cent, 
and an increase or no change in cavitation in 4, or 7.7 per cent. 

Taking these as a whole, of the 52 cases that showed cavitation, regard- 
less of whether it was in apex, midlung or base, or general, 20, or 38.4 per 
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cent, showed a decrease or lessening of the size of the cavity and 32, or 
6.15 per cent, showed no change or an increase. 

Denk reports that in early cases of basal bronchiectasis phrenicectomy 
may prove to be of value, particularly in haemorrhages. However, 
regarding other symptoms, he states that not much is to be expected of 
this procedure. 

Six cases of bronchiectasis and one of pulmonary abscess were studied. 
Two with bronchiectasis left the hospital within two weeks after opera- 
tion, showing some clinical improvement. One died two weeks after 
operation; autopsy showed severe bronchiectasis, lower lobes, both lungs, 
with multiple small bronchiectatic abscesses, both lower lobes; the cause 
of death was given as pneumonia, gangrenous, postoperative. 


TABLE 6 
Bronchiectasis cases: 6 


SPUTUM 


Increase or 


Decrease no change 


2 
1 


1 
2 


Bronchiectasis Cases 


G. S.: Phrenicectomy for bronchiectasis, severe, left. Showed a marked rise. 
Patient left against advice one month after operation. Prior to operation he 
ran practically continuous afternoon temperature, 99.8° to sometimes as high 
as 102.6°. Two weeks after operation temperature within normal limits. No 
other definite information available. 

C. S.: A marked rise in diaphragm after operation. Prior to operation had 
haemorrhages and marked cough, with sputum to 150 cc. in 24 hours. Five 
months after operation sputum lessened and patient much improved. 

F, E. B.: Had bronchiectasis, left side. Was under observation too short a 
time to determine result of phrenicectomy; left hospital one week after opera- 
tion. Felt improved. 

C. B.: Patient somewhat improved but left one week after operation. 

H. L. H.: Operation caused slight rise of diaphragm. Had slight haemor- 
rhages after operation. Physical signs were less pronounced. There was some 
lessening of cough and expectoration. 

J. E. G.: Patient died two weeks after operation (15 cm. of nerve removed). 
Autopsy showed severe bronchiectasis, lower lobes, both lungs, and abscesses, 
pulmonary, multiple, both lower lobes. Onset following operation, pneu- 
monia, gangrenous, postoperative. 
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Pulmonary Abscess Case 


A. K.: Was discharged ten months after operation, much improved. Expec- 
toration which was at least two cups daily decreased to one-third cup. Tem- 
perature and pulse were normal. Was doing light ward police on discharge. 


SUMMARY AND CONCLUSIONS 


Operation on the phrenic nerve, phrenicoexairesis, can be employed 
with definite benefit in selected cases of pulmonary tuberculosis. Follow- 
ing such operation there is a lessening of the distressing cough in a con- 
siderable percentage (over 40 per cent), and, while the sputum expec- 
torated may not be lessened in amount, it is raised from the lung with 
less effort and less distress to the patient. Phrenicoexairesis, when 
employed in cases of unilateral tuberculosis, is not only of benefit in the 
cases of central lung and basal tuberculosis, but is definitely of benefit in 
many cases of apical lesions. A definite elevation of the diaphragm can 
be expected in approximately 60 per cent of selected cases. It is also 
noteworthy that relief in cough was noted in 28 per cent of the cases 
operated upon with no elevation of the diaphragm resulting. Of the 
52 cases operated upon on the right side, 37, or 71.1 per cent, showed a rise 
of the diaphragm and 15, or 28.8 per cent, no rise, Of 51 operated upon 
on the left side, 28, or 54.9 per cent, showed a rise and 23, or 45+ per 
cent, no rise. It would thus appear that the chances for a successful 
operation are greater on the right than on the left. In over 63 per cent 
of our series which had a successful phrenicoexairesis no apparent damage 
or spread to the contralateral lung has been noted, and when the opera- 
tion was not successful, there being no elevation of the diaphragm noted, 
the spread to the contralateral lung was at least as often, if not oftener, 
encountered, 24 per cent spread following successful operation against 
37 per cent when no elevation of the diaphragm followed. A primary 
thoracoplasty is no contraindication to a later phrenic-nerve operation, 
if indicated, as over 75 per cent of such cases were successful and an 
elevation of the diaphragm ensued when phrenicoexairesis was done 
following thoracoplasty. 

Phrenic-nerve operation may aid in producing a more complete collapse 
of the lung when used as a preliminary step to an extrapleural thoraco- 
plasty, to test out and increase the fibrosis in the contralateral lung. It 
may also enable us to secure sufficient collapse with the resecting of 
fewer ribs. 
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In this series of cases, approximately 28.5 per cent of cases having 
cavities in the apex, these cavities were decreased in size. Approximately 
71.4 per cent showed no change in such cavities. Of those with cavities 
in the base or midlung, 42.8 per cent showed a decrease in the size of 
cavity following operation, and 57.1 per cent showed no change or an 
increase. 

Six bronchiectasis cases were operated on, of which 4 showed general 
clinical improvement and 3 definite decrease in the amount of sputum; 
one case of pulmonary abscess showed marked improvement. 

The majority, 60 per cent, of 31 patients personally interviewed had 
few or no gastric symptoms referable to the operation. Those that did 
have some rather marked symptoms, such as excessive gas with some 
regurgitation of food, are in the minority, 16+ per cent, and the symp- 
toms complained of in the minority have not been sufficient to mitigate 
against the possible benefits which usually follow the operation. 

It has appeared to the writer that phrenicoexairesis is a valuable pro- 
cedure in selected cases of mainly unilateral pulmonary tuberculosis, and 
may be of possible benefit in bronchiectasis; also, that even some in- 
volvement of the contralateral lung with small cavitation is not in itself a 
definite contraindication. This operation, if there is a successful result, 
definitely tends to put the side operated on at rest. The operation in 
itself is a rather minor one and can be performed as a rule under local 
anaesthesia. It has been found to be useful in particular cases in which 
there were pleuritic adhesions which prevented the administration of 
pneumothorax, and, if successful, it not only lessens the motion of the 
diaphragm, and thus the respiratory excursion on the operated side, but 
causes a definite partial collapse of the lung. The operation may be even 
of benefit to upper-lobe lesions, as it appears that the operation in itself 
may not tend primarily to cause a collapse of the less involved part of 
the lung, but may cause rather a greater collapse of the diseased portion; 
the less diseased lung, if disease is in the base, may not tend to collapse 
following such operation, if the more diseased portion of the lung is in 
the apex. If the less diseased portion is in the base of the lung, this part 
tends to move upward en masse in many cases, tending to compress an 
upper diseased portion. 
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COLLAPSE THERAPY IN PULMONARY TUBERCULOSIS::? 
WILLIAM C. POLLOCK: 


The greater number of cases of pulmonary tuberculosis admitted to 
Fitzsimons General Hospital suffer from the disease in a moderately 
advanced or far-advanced stage. This is due largely to the fact that 
many of the cases are beneficiaries of the Veterans’ Bureau who apply for 
readmission, having left the hospital prior to the arrest of their disease. 
Cases are also received that have taken treatment at various institutions 
throughout the country. Since the majority of patients present them- 
selves with advanced pulmonary tuberculosis, successful results depend 
largely upon the proper selection of cases with the utilization of the 
various adjunctsin treatment. Modern tuberculosis therapy demands of 
the clinician that he possess considerable ability, in that he must be able 
to properly select cases and determine the particular type of therapy 
required for the particular selected case. Todo this he must be qualified 
to interpret physical signs and correlate his findings with his roentgeno- 
logical interpretation of the roentgenogram. The roentgenogram must 
be interpreted by the clinician. 

It should be clearly understood that active therapy, whether collapse 
therapy or otherwise, in no way replaces or alters the general treatment in 
pulmonary tuberculosis or extrapulmonary tuberculosis. Always bear- 
ing in mind that tuberculosis is a generalized disease, and that active 
therapy is an adjunct applied locally to a particular site where the tuber- 
culous process is particularly manifested, one must continue to treat the 
general condition by the accepted method. In the application of col- 
lapse therapy in pulmonary tuberculosis one views the procedure as a 
mechanical aid to the involved lung. The use of the various methods of 
collapse therapy obtains results because of partial immobilization or 
partial collapse of the tuberculous or cavitated pulmonary tissue. In 
general, the degree of success one obtains by collapse therapy depends 

1 From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. Read before 
the Medical Staff at the semiweekly clinic, January 24, 1930. 

? Published by permission of the Surgeon-General, U. S. Army, who is not responsible for 
any opinion expressed or conclusion reached herein. 


3 Major, Medical Corps, U. S. Army. 
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upon the degree of pulmonary immobilization or cavity compression one 
is able to produce, the ideal in the majority of instances being relative 
complete immobilization of lung tissue or complete approximation of 
cavity walls. Experience gained by selective collapse and partial com- 
pression of cavities by phrenicoexairesis has taught us that complete 
compression or collapse is not required in selected cases. 

Extrapleural thoracoplasty produces sufficient collapse and fixation of 
pulmonary tissue, with sufficient compression of cavitation to obtain 
arrest of the disease, even when the tuberculous involvement of the lung 
is most massive. 

Induced pneumothorax, uncomplicated by pleural adhesions, or when 
performed in conjunction with the Jacobaeus operation, so limits the 
mobility of the lung and compresses cavities sufficiently to have become 
one of if not our most satisfactory and most extensively used methods of 
collapse therapy in selected cases of pulmonary tuberculosis. 

Intercostal neurectomy depends for its beneficial results upon paralysis 
of the muscles of quiet respiration, with the resultant decrease in thoracic 
movement of the affected side. 

Phrenicoexairesis, with its comparatively minimal pulmonary compres- 
sion by unilateral diaphragmatic paralysis and resultant elevation, may 
be the determining factor in obtaining improvement in a retrogressing 
case. This procedure arrests lower-lobe parenchymal involvement and 
will cause cavitation of a suitable type to heal. 

Nature’s method of collapse therapy, which is accomplished by a 
pleural serous exudate, compresses lung tissue often with beneficial result 
to the patient. 

The adjuncts mentioned depend upon pulmonary tissue compression 
or partial immobility of the hemithorax for results. There is consider- 
able variation in the degree of compression obtained by utilization of the 
various procedures of collapse therapy. Varying degrees of compression 
are also obtained by use of the same procedure upon different individuals. 
It is always problematical as to the degree of compression one is able to 
obtain. Particularly is this true of induced pneumothorax. Exhaustive 
study will, however, enable one to make a somewhat accurate prognosis 
as to the collapse obtainable in a great many cases. It is realized that it 
is exceedingly difficult to estimate the degree of collapse one is able to 
obtain in a given case to be treated by induced pneumothorax. Cer- 
tainly in numerous cases this cannot be done with accuracy; certainly not 
to the extent that one is justified in denying induced-pneumothorax 
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therapy to a selected case because he believes collapse will be unsatis- 
factory by virtue of pleural adhesions. Band-like pleural adhesions, 
which so frequently occur in the region of the upper lobe and prevent the 
desired collapse, are not demonstrable until one obtains partial collapse 
by induced-pneumothorax therapy. Pleural shading cannot be used as a 
guide to the existence of pleural adhesions, nor can its absence be used as 
indicating the absence of adhesions. Obliteration or deformity of the 
phrenicodiaphragmatic angle is a positive guide to pleural adhesions; 
however, in this instance the adhesions may be confined to the base, and 
therefore the condition does not preclude upper-lobe collapse where 
collapse is most needed. So one must attempt induced pneumothorax 
in his selected cases. In so doing he will often be astounded at results 
obtained, in that he will obtain complete collapse in cases in which he 
least expected to obtain a satisfactory collapse. One will also find 
extensive pleural adhesions of the upper lobe preventing the required 
collapse in cases in which pneumothorax was induced with the greatest 
optimism as to final results. Unsatisfactory results and most of the com- 
plications of induced pneumothorax are the result of pleural adhesions. 
They certainly interfere greatly with the proper employment of a marvel- 
ous adjunct in the treatment of pulmonary tuberculosis. 

When an induced pneumothorax fails to obtain satisfactory collapse 
because of pleural adhesions it is of the utmost importance to continue 
the pneumothorax therapy. The partial collapse obtained will control 
and render quiescent the parenchymal infiltration in the collapsed or 
partially collapsed portion of the lung. Partially-collapsed cavitation 
may or may not close, depending upon the type, location and involve- 
ment of the surrounding pulmonary tissue. In any instance cavities 
will cease to enlarge. Unsatisfactory induced pneumothorax indicates 
the need of some other method of active collapse therapy, such as a 
Jacobaeus operation, phrenicoexairesis or thoracoplasty. Therefore, 
continuation of pneumothorax therapy better prepares the patient for the 
more radical procedure by thoroughly testing the ability of the contra- 
lateral lung to function without reactivation of quiescent lesions. It also 
ensures fixation of the mediastinum and prevents further retrogression 
of the lung condition, which enables the patient to present himself for 
thoracoplasty in a better general condition. Discontinuance of partial 
collapse prior to the arresting of active parenchymal lesions will cause 
rather rapid retrogression, and therefore must be continued until the 
employment of some more radical procedure. In cases that refuse to sub- 
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mit to the more radical procedures, pneumothorax must be continued as 
long as cavities remain patent, which in some instances means indefi- 
nitely. It is to be remembered that the rapid retrogression of discon- 
tinued pneumothorax cases, when refills are stopped while cavities are 
patent and parenchymal lesions are active, tends to detract from the 
reputation of induced-pneumothorax therapy among the patient per- 
sonnel. The reputation of the adjuncts in treatment, especially in insti- 
tutions, must be safeguarded to the fullest extent, for it is by satisfactory 
results obtained by their use that patients submit to the various pro- 
cedures. 

The roentgenograms shown in plates 1 and 1(a) are of cases of induced 
pneumothorax which are considered unsatisfactory as to the degree of 
collapse obtainable. They are considered as cases unfavorable for 
cavity-closure because of pleural adhesions, which allow the cavities to 
remain patent. These patients refuse to submit to a more radical pro- 
cedure of collapse therapy. However, since the preparation of this paper 
case II has submitted to a Jacobaeus operation, and the effect of severing 
the pleural adhesions is shown in X-ray plate 3. In the cases that 
refuse other methods of collapse therapy, pneumothorax must be con- 
tinued. It must be continued because with reéxpansion there would 
occur rapid retrogression. The collapse maintained in these cases is 
sufficient to control and finally to heal the parenchymal lesions in the 
collapsed portion of the lung. Cavitation in these cases has in every in- 
stance been reduced in size, and in the suitable type of cavity the incom- 
plete collapse will be sufficient to cause cavity-closure. Certainly, cavi- 
ties will not enlarge under collapse therapy of this type. Pneumothorax 
in these cases must be continued as long as it can be demonstrated that 
there is evidence of cavitation. A certain number of such cases will 
finally submit to other measures of collapse therapy. Those that do not 
and continue to show cavitation will have to be subjected to pneumothorax 
indefinitely. When the initial induced pneumothorax is performed, and 
the subsequent X-ray shows pleural adhesions which to all appearances 
will prevent the desired collapse, refills should then be frequent and large. 
The refills should be given frequently and sufficiently large to bring the 
intrapleural pressure to neutral or, when necessary, in properly selected 
cases a positive pressure of short duration may be resorted to without 
harm. This method, employed early enough, will stretch adhesions and 
collapse cavity walls which will not yield to collapse therapy later when 
the wall is more fibrous. Adhesions which are capable of being stretched 
at the onset become stronger and less elastic later under collapse therapy. 
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We have stated that certain types of cavities will heal under collapse 
therapy which only partially collapses the cavity. There are numerous 
statements in the medical literature decidedly to the contrary. Many 
state rather emphatically that one cannot expect the closure of a cavity 
which remains patent under collapse therapy. This is not true, for if it 
were true phrenicoexairesis would never be indicated for the closure of a 
pulmonary cavity. The compression of the lung obtained by elevation 
of the paralyzed diaphragm is not sufficient to completely collapse a 
cavity; it merely produces partial compression. We know, however, 
that this procedure often produces complete closure when applied to 
the proper type of cavitation. 

Plate 2 demonstrates the closure of a large pulmonary cavity under 
partial collapse produced by phrenicoexairesis with the subsequent 
elevation of the diaphragm. Numerous cases may be demonstrated 
which show a similar result. Certain types of cavitation will close under 
partial compression while other types will not close unless their walls are 
completely approximated by compression. It depends upon the type 
of cavitation and surrounding pulmonary tissue with which one is dealing. 
The size of the cavity is not the important factor. The case shown in 
plate 2 healed under partial compression, not because there is a small 
cavity, but because it is a thin-walled cavity situated in lung tissue 
relatively free from tuberculous involvements. The wall of this cavity 
does not contain an excess of fibrosis or infiltration. The cavity is well 
drained through the connecting bronchus, and does not present a fluid 
Jevel. The patient also possesses a relatively high immunity, as shown 
by his ability to heal a once present tuberculous parenchymal involve- 
ment of considerable extent. It is the thin-walled cavity, situated in 
pulmonary tissue relatively free from tuberculous changes, with good 
drainage, and in a patient with relatively high immunity, which tends to 
heal spontaneously or which heals under partial-collapse therapy. Such 
cavities tend to heal spontaneously earlier in the disease when the body 
is relatively hypersensitive to tuberculin, and heal by partial compression 
later in the disease when the hypersensitiveness to tuberculin has ebbed. 
Other measures which increase the sensitivity to tuberculin will also 
stimulate the inner surface of the cavity, where the tubercle bacilli and 
active tubercles are present, and start closure. Such measures are 
exercise, heliotherapy, tuberculin, a small bronchogenic spread, or some 
tuberculous complication, which is of a nature to give only the necessary 
degree of hypersensitiveness to autogenous tuberculin. The resiliency 
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of the elastic qualities of pulmonary tissue, and the presence or absence 
of nearby adhesions influence prognosis in cavity-closure, whether closure 
be considered from the standpoint of spontaneous closure or closure under 
collapse therapy, partial or complete. 

There are several important factors which influence or produce healing 
in the contralateral lung. The compression of secondarily infected 
cavities lessens the toxaemia produced by the secondary invading micro- 
organisms. Patients who have healed all tuberculous lesions and are left 
with large cavitation succumb in a few years because of the toxaemia 
resulting from secondary infection of the cavitation. 

The compression of tuberculous pulmonary tissue temporarily increases 
the tuberculous toxaemia; but soon this variety of toxaemia is reduced. 
The compression places the massively involved lung at rest, circulation 
of both blood and lymph are greatly reduced, and this reduces the 
amount of toxins reaching the system. The circulatory decrease and 
compression also lessen the chances of dissemination of the tuberculous 
process. These factors soon bring about an improvement in the general 
condition and this then becomes a factor in causing an improvement in 
the contralateral lung; however, this factor makes itself evident at a 
later date. 

It is believed that autogenous tuberculinization brought about by com- 
pression of tuberculous pulmonary tissue is one of the most important 
factors which produce spontaneous cavity-closure in cavities of a suit- 
able type in the contralateral lung in cases treated by extrapleural 
thoracoplasty or induced pneumothorax. The cavitation in the contra- 
lateral does not heal spontaneously because the collapse of the massive 
tuberculous lesions improves the general condition of the patient. The 
favorable signs of closure of the cavity make their appearance before the 
improvement in general condition makes itself manifest. The favorable 
result obtained in the contralateral lung is not limited to cavitation, for 
we note the same improvement in parenchymal lesions. About such 
lesions we note an early limited perifocal reaction about caseofibrous 
lesions which is soon tollowed by increased fibrosis of the lesions. 
Infrequently, however, the reaction is in excess of the desired result, 
and retrogression follows, and the retrogression may end in cavitation. 
This untoward result is obtained in cases in which the involvement 
in the parenchyma of the better lung was not essentially fibrous or in 
which the involvement in the collapsed lung was very extensive and the 
collapse produced an excess of autotuberculinization. It is for this 
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eason that there should be a sufficient lapse of time between the stages 
f extrapleural thoracoplasty to allow the lesions in the better lung to 
ecover from the perifocal reaction resulting from the autogenous tuber- 
ulinization produced by the initial stage of the thoracoplasty. Should 
he stages of operative procedure follow each other too closely they may 
roduce retrogression of caseofibrous lesions in the contralateral lung, 
vhile a greater interval of time between the surgical procedures would 


have been beneficial in that they would then have produced healing 
instead of retrogression. 

Cavity-closure and healing of parenchymal lesions take place more 
rapidly when collapse therapy is used early in the disease, when lesions 
are active and tuberculin sensitivity is at its height. The compression of 
active tuberculous lesions produces a greater degree of tuberculinization. 
Since sensitivity is at its height and there is greater tuberculinization, 
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early application of collapse therapy must be applied only to unilateral 
cases. Early in bilateral disease the lesions in the better lung are not 
fibrosed sufficiently; in fact, they are apt to already show some perifocal 
reaction, and with an increase in tuberculinization they will retrogress. 
So in bilateral cases one must delay collapse therapy until the lesions in 
the better lung show a predominance of the fibrous element. When per- 
formed later in the disease, the collapse of more fibrous lesions does not 
produce the degree of sensitivity required to cause a reaction in the cavity 
wall, and closure of the cavity and healing of parenchymal lesions do 
not take place so rapidly. The rapid healing in early cases is shown 
in cases in which induced pneumothorax was employed for only a few 
months and discontinued for some reason. In such cases one is as- 
tounded to find, upon reéxpansion, that highly active lesions are fibrosing 
and relatively large cavities have healed. It is during the earlier stage of 
the disease, when the involvement is not such that the organism is over- 
whelmed, that one notes comparatively rapid changes of improvement. 
Later in the disease, when sensitiveness to tuberculin wanes, the changes 
are slow and can only be demonstrated after observation over a period of 
months. It is in the earlier stage of the disease that the spontaneous 
closure of cavitation is noted, while later in the disease, though cavitation 
may be of the same size and location, the cavities rarely, if ever, close 
without some form of collapse therapy. 

Plate 3 demonstrates the type of cavitation with which we have the 
most difficulty in producing a closure. This type of cavity does not tend 
to heal spontaneously, and will not heal under collapse therapy unless 
there is complete compression of the cavity walls. Partial compression 
of this type of cavity will not cause healing. This is because of the 
extreme thickness of the cavity walls, due to fibrosis, and because of the 
presence of tuberculous infiltration in the surrounding lung parenchyma. 
Other factors interfering with cavity-closure are the presence of secondary 
infection within the cavity and inadequate drainage because the bronchus 
which drains the cavity does not open into the cavity in its most depend- 
ent portion. Such cavities usually show a fluid level. Still other factors 
are the relative immunity of the patient, and the elastic qualities of the 
pulmonary tissue; the latter, of course, is influenced by adhesions, 
fibrosis, infiltration, etc. 

Partial collapse cannot be obtained because of the thickness of the 
cavity walls, fibrosis or infiltration of lung parenchyma, or because of 
adhesions. In other words, the cavity cannot be collapsed because of 
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physical conditions. This does not explain why the cavity will not close 
under partial collapse. Thin-walled cavities situated in pulmonary 
tissue relatively free from pathological change will close under partial 
collapse. It is believed that the thick-walled cavity situated in patho- 
logical pulmonary tissue does not close because of disturbance of nutri- 
tion. Cavities of this type do not close for the same reason that central 
degeneration occurs in a benign fibrous growth. Vessels to and from 
the interior of the cavity wall must pass through lung tissue heavily 
infiltrated or fibrosed, and through a thick fibrous cavity wall. Doubtless 
the vessels are severely impinged upon, thereby lessening the blood supply 
to the interior of the cavity wall. Tissue regeneration can only take 
place where there is an abundant blood supply. 


CONCLUSIONS 


1. Moderately advanced and far-advanced cases of pulmonary tuber- 
culosis frequently demand the employment of the various methods of 
collapse therapy. 

2. Collapse therapy depends for results upon compression of the lung 
or upon lessening of thoracic mobility. 

3. Induced pneumothorax should be continued although the collapse 
may not be to the extent desired. Discontinuance of the pneumothorax 
treatment causes rapid retrogression when parenchymal lesions are 
active or when cavities are patent. 

4, Thin-walled cavities with adequate drainage, situated in pulmonary 
tissue relatively free from tuberculous changes, in a patient with a satis- 
factory relative immunity, will heal under collapse therapy when the 
cavity is only partially collapsed. 

5. Thick-walled cavitation, situated in areas of pulmonary infiltration 
or fibrosis, will not heal spontaneously or when only partially collapsed 
by collapsed therapy. This failure to heal is believed to be due largely 
to nutritional disturbance. 

6. Autogenous tuberculinization, produced by compression of active 
tuberculous pulmonary lesions, during the process of collapse therapy, 
stimulates healing in contralateral lung as well as in the compressed 
lung. The procedure causes a reaction about the tuberculous lesions 
which is beneficial, when produced in proper amount, in that it stimulates 
fibrosis. 

7. The most rapid changes demonstrating improvement are noted in 
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early stages of the disease when tuberculinization is at its height. The 
same thing is true of retrogression when the body is overwhelmed. 
Later in the disease, when tuberculinization wanes, pulmonary changes 
are far less rapid. 

8. Collapse therapy applied early in unilateral cases obtains rapid 
healing. In bilateral cases collapse therapy should be delayed until the 
fibrous element predominates in the better lung, else retrogression may 
occur. This is due to the relative sensitivity to tuberculin which is high 
earlier and decreases as healing takes place. 

9. Sufficient time should be allowed between the various stages of 
thoracoplasty, so as to give lesions in the contralateral lung time to 
recover from the perifocal reaction produced by increase in sensitivity 
brought about by the increase in tuberculinization by compression of 


active tuberculous lesions. 
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Carbohydrate Metabolism in Tuber- 
culosis.—The fasting blood sugar values 
showed variations between 72 mgm. per 
cent and 160 mgm. per cent in 70 cases of 
pulmonary tuberculosis. In 25 of these 
cases there were deviations from normal 
and in 4 of them the values were below 
the physiological limit. All the other 
cases revealed an increased blood-sugar 
mirror, on an average of 130 mgm. per 
cent.—Uber Kohlenhydratstoffwechsel bei 
der Lungentuberkulose, R. Ginsberg and R. 
Pewsner, Zeitschr. f. Tuberk., 1929, iii, 
38.—(H. J. C.) 


Effect of Complications on Colloid 
Lability.—Sedimentation reactions and 
blood protein fractions were determined in 
200 cases of tuberculosis. It was found that 
the rate of sedimentation approximately is 
proportionate to the severity of the process. 
In cachectic individuals the values fre- 
quently were very low. Complications such 
as tuberculosis of other organs and inflam- 
matory diseases cause a relatively marked 
increase of the sedimentation rate and the 
coarsely dispersed protein bodies. In circu- 
latory and hepatic diseases the sedimentation 
rate was often slower than would occur with 
similar pulmonary findings. This was also 
true in the presence of endocrine and constitu- 
tional disturbances.—Uber die Einwirkung 
von Komplikationen auf die Kolloidlabiltat 
bei der Lungentuberkulose, L. Hantschmann 


CONTENTS 


Physiological (chemical) 
Bacteriological (tubercle bacillus).......... 
Immunological (tuberculin) 


und M. Steube, Beitr. z. Klin. d. Tuberk., 
1928, lax, 536.—(H. J. C.) 


Cholesterol and Resistance in Pul- 
monary Tuberculosis.—The cholesterol 
content of the blood of tuberculous individ- 
uals parallels the allergic condition and the 
sedimentation reaction. In prognostically 
favorable sedimentation reactions, there 
occur relatively high cholesterol values, while 
with unfavorable reactions the cholesterol 
values are low; and likewise high values occur 
in allergy and low values in anergy. A definite 
relation between the Turban stages and the 
cholesterol mirror was not determinable.— 
Cholesterinspiegel und Abwehrkrifte bet der 
Lungentuberkulose, V. Hinze, Zeitschr. f. 
Tuberk., 1928, lit, 199—(H. J. C.) 


Serum Proteolytic Ferments in Pul- 
monary Tuberculosis.—Fuchs’s modifica- 
tion of the Abderhalden procedure was used 
on the sera of tuberculous and healthy in- 
dividuals in that 1 cc. of the serum was mixed 
with 10 mgm. of various tubercle-bacillus 
preparations: /: A preparation of tubercle 
bacilli killed in steam, ground up and dried. 
2: No. 1 extracted with alcohol, ether and 
chloroform. 3: No. 1 boiled and extracted 
with cold and hot ether-alcohol. 4: No. 3 
submitted to protein coagulation according 
to Abderhalden. 5: Preparation made ac- 
cording to the outline of Abderhalden for a 
substrate from organs or bacteria. The 
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authors found that preparations 4 and 5 gave 
the best results, since mostly all definite 
pulmonary cases reacted positively but a 
number of clinically healthy individuals also 
were positive. Preparations 1, 2 and 3 
gave fewer positive reactions in clinicaliy 
healthy individuals but were negative in 
definite cases of tuberculosis. The reaction 
appears to be fairly specific, in that 2 healthy 
gravid women in the second month were 
negative while 7 positives were obtained 
from 9 tuberculous gravid women in the 
second to third month—Uber spezifisch- 
proteolytische Fermente in Serum von Lungen- 
tuberkulisen, F. Lasch and R. Gross, Beitr. 
z. Klin. d. Tuberk., 1928, lxix, 670.— 


Mineral Content of Tuberculous 
Lungs.—The lungs of 5 human beings were 
submitted to ash analysis. It was found 
that the water content of tuberculous lungs 
was decidedly increased while the mineral 
content was relatively diminished. The 
loss of sodium chloride and potassium 
chloride in the tuberculous lung however ex- 
ceeded that accounted for by the water, while 
there was a definite calcium increase in 
chronic tuberculosis. Guinea-pig lungs were 


utilized in attempting a solution of the 
problem. Even in normal lungs the total 


content of base and acid valences was lower 
than in the liver, kidney or muscle. In the 
tuberculous guinea-pig lung there was a 
diminution of the acid and base valences as 
compared to the normal values. There was, 
however, a shift in favor of the alkali 
valences. The question of the effect of the 
Gerson diet upon the reaction in tuberculous 
tissues has not been determined. In sputum 
from tuberculous individuals there was found 
a marked variation in the ash content, so- 
dium chloride content and actual reaction 
which occurred entirely independent of the 
daily amount. No significant changes were 
noted following the Sauerbruch, Hermanns- 
dorfer and Gerson salt-poor diet.—Mineral- 
bestand und Gewebsreaktion tuberkuliser 
Lungen, R. Schaefer, Beitr. 2. Klin. d. 
Tuberk., 1928, lxix, 86—(H. J. C.) 


Serum Albumin and Globulin in 
Tuberculosis.—The albumin-globulin rela- 
tions in the serum were determined refracto- 
metrically and viscosometrically on a large 
number of cases of pulmonary tuberculosis. 
The conclusions arrived at were that the 
albumin-globulin relation is intimately asso- 
ciated with the grade of activity of the 
disease, its extent and tendency toward 
liquefaction. According to the albumin- 
globulin picture in the serum the cases are 
grouped into 6 classes. The blood sedimen- 


tation reaction revealed a marked parallelism 
to the albumin-globulin picture. The Pirquet 
skin reaction revealed in most active non- 
progressive cases an increase. No decided 
change in the albumin-globulin relation and 
the sedimentation rate was noted after 
a short sanatorium treatment of an average 
of about 4 months.—Das Vehralten des 
Albumin-Globulin-Verhdlinisses im Serum, 
der Blutkorperchen-Senkungsgeschwindigkeit 
und der v. Pirquetschen Hautreaktion bei 
Lungentuberkulose in vergleichender Betrach- 
tung, F. Scheurlen, Beitr.z. Klin. d. Tuberk., 
1928, lxix, 59.—(H. J.C.) 


Reaction of Pus in Abscesses.—Colori- 
metric determination of the hydrogen-ion 
concentration of pus, with the indicators of 
Clark and Lubs simplified by Krontowski, 
was made in 51 individuals. Closed tuber- 
culous abscesses revealed a hydrogen-ion 
concentration within the limits of pH 6.8 
to 7.2 while acute nontuberculous abscesses 
showed 5.8 to 6.8. Mixed infection shifted 
the actual reaction of the pus in tuberculous 
abscesses toward the acid side, while with 
mild mixed infection as well as in the presence 
of outspoken cachexia the shift was insig- 
nificant. In the presence of severe mixed 
infection, with persistent devitalizing fever 
and a rich purulent discharge, the pH values 
of acute pus were approached in individual 
cases. It is believed that the findings can 
be of practical differential diagnostic value.— 
Uber die aktuelle Reaktion des Eiters in 
chronischen und akuten Abscessen, B. Kolda- 


jew and B. Kutzenok, Beitr. 2. Klin. d. 


Tuberk., 1928, lxix, 472—(H. J. C.) 


Vasomotor Irritability and Skin Reac- 
tions.—On the basis of the examination of 
an extensive material for the irritability of 
the vasomotor system (dermatographia) and 
the Pirquet cutaneous test, it was found that 
a parallelism existed between these reactions 
in the majority of cases. When the parallel- 
ism was absent it was noted that there was a 
more marked dermatographia with a weak 
Pirquet possible while only rarely was the 
reverse true. It was concluded that the 
vasomotor irritability is of great significance 
in the evaluation of the Pirquet test.— 
Vasomotorenerregbarkeit und  biologische 
Hautreaktion, A. Schuberth, Beitr. z. Klin. d. 
Tuberk., 1928, lxix, 273—(H. J. C.) 


Circulation in Tuberculosis.—The 
author discusses the circulatory changes 
resulting from vasomotor disturbances in 
cases of pulmonary tuberculosis. Digitalis 
treatment should be reserved for those cases 
in which cardiac insufficiency is predominant; 
otherwise that therapy is indicated which 
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affects the peripheral and central circulatory 
system as well as the vasomotor centre. 
Favorable therapeutic results were obtained 
by using cardiotonin, a combination of con- 
vallaria extract with caffein. Aside from 
the beneficial effect upon the circulation the 
author notes a good influence upon the 
general nervous symptoms.—Uber die Bedeu- 
tung des Kreislaufes im Gesamtorganismus 
des Tuberkulisen, J. Poras, Beitr. 2. Klin. d. 
Tuberk., 1928, 495—(H. J. C.) 


Oxygen and Carbon Dioxide of Arterial 
and Venous Blood in Pulmonary Tuber- 
culosis.—In moderate and severe cases of 
pulmonary tuberculosis there is a diminution 
of the oxygen of the blood with an increase 
in the carbon dioxide. Seasonal changes 
occur. The examinations reported were 
mostly made in winter when the average 
oxygen was lower and CO; higher than during 
spring and summer. The variation in the 
gas analyses was related to the form of the 
disease. The relative oxygen deficiency 
paralleled the severity of the process. 
Respiratory disturbances cannot be deter- 
mined in all cases from the oxygen deficiency. 
The increase in carbon dioxide was not alone 
dependent upon the extent of the pulmonary 
tuberculosis. The free CO, in the capillary 
blood can be increased as the result of a 
deficiency of alkali spenders (haemoglobin, 
plasma protein, phosphates and other 
protein). A destruction of pulmonary tissue 
occasions a diminution in the amount of new- 
formed oxyhaemoglobin and makes more 
difficult the liberation of CO. A disturbance 
of the gas metabolism in the lung eventually 
retards CO, excretion, and there results an 
increase in the CO, of the arterial blood. 
In severe pulmonary tuberculosis there 
appears a paradoxical relation between the 
alkali reserve and the CO, amount.— 
Ergebnisse von Sauerstoff- und Kohlenséuren- 
analysen des arteriellen und vendsen Blutes 
bet Lungentuberkulose. II. Mitt.: Darstel- 
lung von Einzel fallen, F. Pomplun, Zeitschr. 
Tuberk., 1928, li, 185 —(H. J. C.) 


R6le of Lung in Intermediate Nitrogen 
Metabolism.—The total and residual nitro- 
gen in the blood in 11 tuberculous cases 
before and after pneumothorax treatment 
was determined. With an exclusion of part 
of the pulmonary tissues there was a residual 
nitrogen increase in the venous blood up to 
30-70 per cent over normal. After the in- 
stitution of pneumothorax the residual nitro- 
gen increase was proportionate to the com- 
pression of the healthy parts of the lung, 
increasing 100-200 per cent or more. It is 
concluded that pneumothorax and exclusion 
of a large part of the lung causes an increase 


of the residual nitrogen products in the 
venous blood with a nonmanifest clinical 
azotaemia. Thus there is a nitrogen reten- 
tion independent of the respiratory func- 
tion Die Rolle der Lunge im intermedinGre 
Stickstof wechsel. Der Gehalt an Gesmat- und 
Reststickstoff im Venenblut der Tuberkulésen 
vor und nach der Pneumothorax-Operation, A. 
Tscharny and S. Krassowitzkaja, Beitr. 2. 
Klin. d. Tuberk., 1928, lxix, 373.—(H. J.C.) 


Diminished Air-Pressure and Experi- 
mental Tuberculosis.—During the whole 
period of infection five tuberculous guinea 
pigs were maintained under a diminished air- 
pressure (that equivalent to an altitude of 
4,800 metres). Distinct differences in the 
weight curve were noted in these animals as 
compared to five controls in which the 
weight again increased during the second 
half of the experimental period while in the 
treated animals it steadily diminished. There 
was also a difference noted in the changes of 
the spleen, and that the treated animals 
developed large infarcts partly of a haemor- 
rhagic nature. It is concluded that the 
diminished air-pressure exerted no healing or 
beneficial influence upon the disease in the 
guinea pig.—Uber de Einfluss der Luftver- 
diinnung auf den Ablauf der experimentellen 
Meerschweinchentuberkulose, S. Del Rio, Beitr. 
Klin.d. Tuberk., 1928, lxix,636.—( H.J.C.) 


Culture Tube for Tubercle Bacillus.— 
An ordinary 15.5-cm. test tube of 2-cm. 
diameter is used. At a distance of 2.5 cm. 
from the base four indentations are made by 
heating a small portion to red heat and 
applying sufficient suction to draw in blisters 
of approximately 5 mm. in depth. This 
procedure is carried out at four equidistant 
points, with the result that a support is 
formed by these indentations on which the 
cylinder of potato rests. The liquid in the 
base of the tube is brought to the level of the 
indentations. In this tube there are four 
spaces for the passage of moisture and in con- 
sequence the entire surface of the potato is 
kept in the desired condition rather than the 
single flat surface. Hence there is an avoid- 
ance of the gradual drying of the potato. 
To meet the requirements for oxygen a 
ventilating tube isadded. This consists of a 
cork of proper size, through which has been 
passed glass tubing of approximately 5-mm. 
calibre. The exterior portion of this tubing 
is drawn out in the flame to capillary size and 
sealed by flame. When it is deemed ad- 
visable for air to enter the tube the seal is 
broken and the air admitted for the desired 
length of time, after which the end of the 
tubing is resealed.—A Culture Tube for the 
Tubercle Bacillus, W. J. MacNeal and 
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A. B. Baylis, J. Infect. Dis., June, 1929, 
xliv, 503.—( F. G. P.) 


Cytology and Microchemistry of 
Tubercle Bacillus.—The first part of the 
article is a general summary of the extensive 
work that has already been done on the 
minute structure of the Mycobacterium tuber- 
culosis. The different and often conflicting 
findings as regards the nature of the limiting 
membrane, whether the granules often 
present are true spores or not, and some 
observations regarding the microchemistry 
are duly reported. The experimental in- 
vestigations, which comprise the latter part 
of the paper, were carried out by the author 
mainly in wet preparations and observed 
with a microscope giving a total magnifica- 
tion of 1800, and both direct and oblique 
illuminations were employed. The organism 
studied was a nonpathogenic (to man) 
strain of Mycobacterium tuberculosis, the 
source of which is not mentioned. Most of 
the work was done with young cells, from a 
few hours to twenty-four hours old, grown on 
glycerol-agar (pH 7). The organism was 
kept actively growing by frequent transfer 
at from twelve to twenty-four hour intervals. 
When stained vitally, the organisms were 
suspended in a drop of the vital dye solution 
and observations continued until the organ- 
For the vital 


isms had taken up the dye. 
staining from 0.01 to 0.1 per cent methylene- 
blue, 0.05 per cent nile-blue and 0.1 per cent 
neutral-red were used. Dyes of the sudan 
series were used to demonstrate the presence 


of fat. Summary: The findings show that 
the young cell of Mycobacterium tuberculosis 
consists of a membrane with thickened areas 
and granular appendages on its internal 
surface, which surrounds a very dense, 
deeply staining cytoplasm permeated by a 
vacuolar system and enclosing dense, round 
or oval hyperchromatic granules. The mem- 
brane and the granules seem to be made up 
of similar substances staining metachro- 
matically with dilute old methylene-blue 
solutions. This substance is not removed by 
boiling in water for one hour, nor by 5 per 
cent sodium hydroxide, 5 per cent sulphuric 
acid, glacial acetic acid, nor chloroform, at 
the end of a week. In old cells, the mem- 
brane increases in thickness and undergoes, 
together with the granules, gradual degenera- 
tion. The cell divides by the drawing back 
of the protoplasm and the formation of two 
closing membranes, without constriction of 
the mother cell at the zone of division. 
The granules may divide, but they do not 
seem to be associated constantly with cell 
division. The assumption of the presence 
of a waxy or fatty sheath around the cell of 
the bacillus, or of waxy or fatty granules 


within the cell, is not substantiated. The 
membrane and the granules both stain deeply 
with sudan-3 and scarlet-R, but the fact 
that they are not removed by the fat-solvents 
and glacial acetic acid rules out their being 
considered free fatty or waxy material. 
Their failure to stain red with nile-blue 
makes it illogical to consider the presence 
in them of neutral fats; the inability of nile- 
blue to stain other structures than those 
stained with methylene-blue shows the ab- 
sence of free fatty acids, while the absence 
of structures stainable only with sudan makes 
it difficult to assume the presence of 
structures consisting wholly of free lipoids. 
The association of waxes, fats and various 
fatty acids and higher alcohols with the 
tubercle bacillus seems to have been experi- 
mentally supported only by the isolation, 
from cultures of that organism, of large 
amounts of these substances by various in- 
vestigators. These investigations were car- 
ried out on very old materials which have 
been subject to degenerative processes, for 
degeneration starts long before the cell is 
dead. Would it not have been possible 
that such waxy materials could have arisen 
as the result of the disintegration of the 
structures described above, which because 
of their avidity for fat dyes, may be con- 
sidered as a peculiar combination of fat with . 
protein and other materials? The granules 
present in the cytoplasm of the bacillus are 
not volutin as was assumed by several 
authors who were perhaps misled by the 
metachromasy of these structures; against 
their volutin nature is their insolubility in 
hot water and the acids used, and the fact 
that they stain deeply with the indifferent 
fat dyes. The granules are not spores, for 
they are present in the earliest stages of cell 
development; moreover, they possess no 
differentiated structure as known spores do. 
The present investigation, however, has no 
bearing on the question of their viability 
when separated from the cell—The Cy- 
tology and Microchemistry of Mycobacterium 
Tuberculosis, G. Knaysi, J. Infect. Dis., 
July, 1929, «lv, 13.—(J. S. W.) 


Counting of Tubercle Bacilli.—It is 
pointed out that the usual methods of 
counting tubercle bacilli only take into con- 
sideration living bacilli and frequently lead 
to too high results, especially when using 
blood or yeast cells for comparison. In 
searching for a suitable medium the authors 
verified the observation of Jennings on the 
influence of hydrogen-ion concentration and 
a satisfactory suspension was obtained in 
using a sodium-phosphate solution with pH 
8.7. The action was, however, not selective 
and could be obtained by using other alkaline 
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media of the same hydrogen-ion concentra- 
tion. The medium was also found to play a 
réle, in that Calmette’s bile-potato medium 
was most favorable and the acid egg media 
less so. Spontaneous agglutination did not 
occur, but the bacilli could not be separated 
from their growth products. In an attempt 
to remove the calcium from the bacilli, 
sodium oxylate of a pH 8.5 to 8.7 was used, 
and the hydrogen-ion concentration de- 
pressed the surface tension as well as favored 
foam formation. The Biirker counting 
chamber was used. The count of tubercle 
bacilli in 1 mgm. of solid culture mass always 
exceeded one thousand million and fre- 
quently reached four thousand million, 
depending upon the age of the culture and 
medium used. The relatively lower bacil- 
lary count upon bile-potato medium BCG 
is explained on the basis of the greater 
amount of moisture of these strains.— 
Betrachtungen und Versuche zur Bestimmung 
der Keimzahl in Tuberkelbacillenkulturen, 
W. Blumenberg and H. Wiening, Zeitschr. 
f. Tuberk., 1928, li, 417.—( H. J. C.) 


Biology of Tubercle Bacillus.—Tuber- 
cle bacilli were grown on saponin-glycerine- 
bouillon and there were no changes found in 
four human and three bovine strains used. 
In glycerol-bouillon with 0.1 per cent saponin 
the bacilli grew as acid-fasts on the surface 
of the fluid, while the non-acid-fast forms 
were found in the sediment, but the latter, 
when transferred to solid media, again grew 
as pure acid-fast cultures. Guinea pigs 
inoculated with the third passage developed 
chronic tuberculosis, especially of the lymph 
nodes.—Studien zur Morphologie und Bio- 
logie des Tuberkuloseerregers. III. Nicht- 
sdurefest Formen in Saponin-Glycerinbouil- 
lonkulturen, O. Kirchner, Beitr. 2. Klin. 
d. Tuberk., 1928, lux, 385.—(H. J. C.) 


Variability of Tubercle Bacillus.— 
“Microbic dissociation” is defined as the 
process of variation in the offspring from 
the mother colony and observations on this 
point date back to the beginning of bacteri- 
ology, being especially well crystallized by 
Naegeliin his text-book. Cohn, the botanist, 
however, vigorously attacked Naegeli’s views 
and his conceptions influenced Koch, so 
that gradually the view of a fixed type of 
bacteria became established as dogma. The 
controversy reached its height in the 
eighteen-eighties. Then Neisser, in 1906, 
and Massini, in 1907, separated from the 
classical B. Coli a new type. From that 
time to 1921 many interesting observations 
were made, especially in England and later 
in the United States. We know little of the 
evolution of the pathogenic tubercle bacillus 


and less of its life cycle. In the past the 
classification of acid-fast organisms has been 
based on development of growth at room or 
body temperature, rapidity of growth and 
virulence for animals. These methods of 
classification must be modified if we are 
going to get anywhere. The Johné bacillus, 
an acid-fast organism associated with chronic 
enteritis in cattle and sheep, develops out- 
side the body on media containing a suspen- 
sion of heat-killed timothy bacilli, suggesting 
some association or affinity. The bovine 
tubercle bacillus, under ordinary methods of 
cultivation, is similar to the human organism, 
but on egg media containing 6.25 per cent 
sodium taurocholate the colonies and their 
consistence resemble the avian bacillus, and 
their pathogenicity is similar. The avian 
bacillus may be pathogenic for human 
beings and has been isolated by Loewenstein 
and others from the kidney in renal tuber- 
culosis. Recently L’Esperance has isolated 
acid-fast organisms from the lymph nodes in 
Hodgkin’s disease and also found that guinea 
pigs, which are not susceptible to the avian 
tubercle bacillus, can be infected after pre- 
liminary sensitization with heat-killed human 
tubercle bacilli. Many workers have ob- 
served instability of virulence in tubercle 
bacilli (Coppen-Jones, Bruns, Maher, 
Sweany, and others have found morpho- 
logical instability), but few have attempted 
to determine the reasons therefor. For 
twenty years at Saranac Lake a human 
strain known as H37 has been used in ex- 
perimental work and until recently was 
uniformly virulent. A few years ago, 
however, this virulence began to wane, and 
failure to infect animals was encountered 
and also reported by other workers. This 
diminished virulence followed cultivation on 
veal broth of pH 6.6 acidity, but did not 
occur on Proskauer and Beck’s synthetic 
medium. Pleomorphism in _ microscopic 
specimens is referred to. The individual 
cells from very young growths radiating from 
the original inoculum are very short, uni- 
form and sensitive to decolorization. Later 
they become more granular and almost 
coccoid. The antigenic properties of differ- 
ent cultures vary widely. Dissociation of 
Bovine Culture: Two types of organism 
were dissociated, of which the R or more 
resistant type of colony is flat, opaque, not 
readily emulsified, and when inoculated 
subcutaneously causes innocuous lesions, if 
any, while the S or sensitive type is a 
round, moist, easily emulsified colony which 
is highly virulent for guinea pigs. Similar 
types were separated in the case of the avian 
bacillus on sodium taurocholate, but their 
pathogenic properties have not yet been 
completely worked out. Dissociation of 
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Human Culture (H37): Cultivation on 
sodium  taurocholate-gentian violet-egg 
media not proving entirely satisfactory, the 
organism was grown on a synthetic fluid 
medium, well buffered, with acid reaction of 
pH 6.6. Under these conditions indications 
are that dissociation will occur as in the 
other types. Dissociation of Bacillus Cal- 
mette-Guerin (BCG): Suspensions from the 
original culture were prepared and inoculated 
on the surface of gentian violet-egg plates, 
and two distinct colony types isolated. The 
R colony was waxy, with large smooth raised 
folds, the centres cream-colored or light 
orange, and emulsification was difficult in 
salt solution of pH 7.2. The staining reac- 
tions of the bacilli did not vary noticeably. 
Most of the rods were beaded and not very 
long. The Sauton medium with pH 6.4 
seemed to be most suitable for propagation. 
A filtered suspension of the R colony grown 
on slices of glycerol-bile-potato in Petri 
dishes gave an initial appearance like small 
round pebbles. The R colony was not 
pathogenic for rabbits and guinea pigs as a 
rule, although occasionally intravenous or 
intracardiac inoculation resulted in a mild 
progressive tuberculosis, rarely fatal. The 
S colonies showed small irregular wrinkles, 
the growth appearing honeycombed. Mor- 
phologically the rods were slender and 
granules less common and emulsification 
readily occurred in salt solution of pH 7-7.2. 
Maximum growth occurred at pH 7.6. No 
visible colonies developed on glycerol-bile- 
potato medium, but scrapings from the sur- 
face planted after 26 days proved still viable 
on both cultural and animal inoculation 
tests. The S type was invariably patho- 
genic, producing progressive disease usually 
resulting in death. It was also found that 
the R or avirulent organism cultivated on 
media containing homologous sera could 
revert to S after eight to ten passages. 
Summary: With the four organisms men- 
tioned it has been possible in each case to 
isolate an R and an S type, which differ 
widely in structure, growth and virulence, as 
well as in their metabolic products. In the 
case of BCG, at least, the R or avirulent 
type may revert to the S or pathogenic type. 
The explanation of Calmette’s reduction in 
virulence of BCG is that the glycerol- 
potato-bile media allowed only the R type 
to develop, though incidentally carrying 
along some virulent elements. The undis- 
sociated culture rarely produces progressive 
tuberculosis leading to death. The human 
body receiving BCG tends to develop anti-R 
serum. However, undestroyed S elements 
may develop in its presence. Studies of 
skin hypersensitiveness to tuberculin tend to 
confirm this.— Variability of the Tubercle 
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Bacillus, S. A. Petroff, New England J. M., 
May 30, 1929, cc, 1148.—(A. P.) 


Invisible Forms of Tubercle Bacillus. 
—At the present time, there is no strict 
proof available for the assumption that 
filterable forms of tubercle bacillus occur. 
Since only about 1 to 2 per cent of animals 
injected with filtrates from tuberculous 
material develop any signs of tuberculosis, it 
must be stressed that this occurrence is not 
more frequent than the likelihood of un- 
reliable filters. On the other hand, there 
can be no doubt that some forms of tubercle 
bacilli exist which are not demonstrable by 
our usual staining methods. This statement 
is proved, in the opinion of the author, by 
the fact that microscopically negative ma- 
terial produces, not infrequently, tubercu- 
losis in experimental animals and gives rise 
to colonies of tubercle bacilli on artificial 
media. For the isolation of tubercle bacilli 
from contaminated material, the sulphuric- 
acid method of the author is again rec- 
ommended, with the statement that all 
subsequent modifications of it are not im- 
provements.—Ueber unsichtbare Formen des 
Tuberkelbazillus, E. Loewenstein and E. 
Singer, Wien. klin. Wcehnschr., October 17, 
1929, xlii, 1341.—(M. P.) 


Filterability of Tuberculosis Virus.— 
Tuberculous organs, sputum, pus, puncture 
fluids, urine and cultures were filtered 
through a Chamberland L2-L7 filter and a 
membrane filter of Zsigmondy, 0.5-0.1n 
under negative pressure of 20-25mm. Each 
filter was used once only, and as controls 
paratubercle bacilli, lepra cultures, B. coli 
and prodigiosis were used. The filtrates 
gave no growth on various media, and of 
95 guinea pigs inoculated only one died of 
a generalized tuberculosis after 64 days. 
Twenty-two animals showed enlarged but 
not caseated lymph nodes, and in 6 of these 
there were scattered acid-fast and numerous 
Much granules. The organs of these ani- 
mals, tested on numerous cultures, revealed 
no growth, and further passage of these 
organs to 56 guinea pigs never gave typical 
tuberculosis. The filtrate also produced no 
immunization. Forty-two young from these 
animals revealed, in 3 cases, enlarged lymph 
nodes, with individual acid-fast bacilli but 
sterile cultures. Spontaneous tuberculosis 
in guinea pigs is believed rare. The nega- 
tive outcome of the cultures from the 
suspected organs speaks against the presence 
of spontaneous tubercle-bacillus-like acid- 
fasts. The author never found acid-fast 


bacilli in noninoculated animals, and it is 
believed that in addition to the typical 
tubercle bacillus there exists a micro- 
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scopically invisible form that cannot be cul- 
tured and is of slight virulence—Zur Frage 
der Filtrierbarkeit des Tuberkulose-Virus, 
Lydia Rabinowitsch-Kempner, Zeitschr. f. 
Tuberk., 1928, lit, 18 —(H. J. C.) 


Filterable Forms of Tubercle Bacillus. 
—The majority of observations on filterable 
viruses in tuberculosis are based on animal 
experiments and almost exclusively on the 
guinea pig, and the finding of acid-fast 
bacilli in smears from lymph nodes and 
organs. Cultures from the organs and a 
study of their properties usually are lacking. 
The strict test of whether tubercle bacilli 
pass the filter while other test bacilli remain 
behind is not brought out. The possibility 
exists that in the presence of a large amount 
of irritating material apathogenic acid-fast 
bacilli can multiply. Favoring this view is 
the fact that timothy bacilli can produce a 
definite tuberculin allergy. The author 
believes that the question of the filterable 
virus is one that concerns the polymorphism 
of the tubercle bacillus and must be viewed 
as such.—Studien zur Morphologie und 
Biologie des Tuberkuloseerregers. I. Fil- 
trierbare Formen und Polymorphisms, O. 
Kirchner, Beitr. z. Klin. d. Tuberk., 1928, 
lax, 375.—(H. J. C.) 


Filterable Forms of Tubercle Bacillus. 
—Guinea pigs were inoculated with filtrates 
from sputum and cultures, and some of these 
received tuberculin to encourage the develop- 
ment of tuberculous foci. After death the 
organs and lymph nodes were very carefully 
examined. Twenty-two of the 45 guinea 
pigs died of intercurrent infections but no 
acid-fast bacilli were found. Of the remain- 
ing animals there were five which gave 
positive tuberculin reactions, and two of 
these showed acid-fast rods. All the re- 
mainder of the animals were negative. It 
could not be determined definitely whether 
these rods were tubercle bacilli or not.— 
Studien zur Morphologie und Biologie des 
Tuberkulose-Erregers. II. Meerschwein- 
chenversuche zur Frage der (filtrierbaren 
Formen, M. Lindemann and B. D. Li, 
Beitr. 2. Klin. d. Tuberk., 1928, lxx, 380.— 


Filterable Forms of Tubercle Bacillus. 
—Calmette, in this paper, first summarizes 
and reviews all the work done on atypical 
forms of tubercle bacilli, beginning with 
Straus’s pointing out, in 1895, the existence 
of the chromophile corpuscles later so 
minutely described by Much. In 1910 
Fontés thought he could state that these 
forms, present in the pus of a tuberculous 
abscess, might pass through Berkefeld 


bougies, and, inoculated into guinea pigs, 
provoke a slow hypertrophy of the lymph 
nodes, in whose pulp typical tubercle bacilli 
were found, but without any apparent 
tuberculous lesion. Nobody at this time 
took him seriously, and when Philibert 
repeated his work, incompletely and hastily, 
without result, Fontés, troubled by these 
contradictions and believing himself a victim 
of a technical error, abandoned his studies. 
It was not until 1922 that Vaudremer, 
studying the variations in acid-fastness of 
tubercle bacilli on different culture media, 
was led to determine that in culture media 
poor in nitrogenous matter, such as potato 
water, atypical and nonacid-fast forms ap- 
pear in the depths, and among these forms 
are some elements filterable through Cham- 
berland L3 bougies. When he planted the 
filtrate thus obtained, he saw appear toward 
the eighth day, only on Petroff’s egg me- 
dium, colonies of acid-fast bacilli staining 
with carbol-fuchsin. A little later Vaud- 
remer and Hauduroy believed they obtained, 
with potato water and glycerinated peptone 
filtrates, cultures replantable in series, 
formed of anastamosing filaments and 
minute granules, together with curved or 
straight bacillary forms, colorable by gen- 
tian violet but nonacid-fast. These cul- 
tures, inoculated subcutaneously into guinea 
pigs, produced transitory local indurations 
but generalized tuberculosis. Intra- 
venously they set up a generalized poly- 
adenitis, with occasionally caseation of a 
lymph node. The pus from such a caseous 
node, planted on glycerinated potato or 
Petroff’s medium, gave rise to discrete, 
slowly developing colonies of granules or 
small chains, which after several replants 
became acid-fast and then caused typical 
tuberculous lesions. Beginning April, 1923, 
Calmette and Valtis repeated the old 
experiments of Fontés, and they were soon 
convinced that the Brazilian’s original work 
was perfectly correct. They adopted a 
technique designed to eliminate, so far as 
possible, sources of error. For each experi- 
ment a new Chamberland L2 bougie was 
used and syringes which had never before 
been used to inoculate tuberculous products. 
Necropsies were performed with new instru- 
ments. Filtration was carried out under 
—30 pressure, in five to eight minutes, and 
the bougies tested by adding to the emulsion 
a few drops of chicken-cholera culture. It 
was determined from these experiments that 
the pus of a caseous mesenteric lymph node 
from an ape dead of tuberculosis, the 
tracheobronchial lymph nodes removed from 
a tuberculous child, bacilliferous sputum 
autolyzed by three days’ incubation, and 
cultures on glycerinated liquid media, es- 
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pecially the surface veils of very young cul- 
tures, contain virulent filterable elements, 
microscopically invisible, even after pro- 
longed centrifugation, which it has not been 
possible to cultivate on the usual solid or 
liquid media and which, inoculated into 
guinea pigs, subcutaneously or intraperi- 
toneally, determine generally discrete lym- 
phatic lesions without visible tubercles. In 
these lymphatic lesions, however, especially 
of the tracheobronchial nodes, are to be 
found, after prolonged and careful search, 
typically staining tubercle bacilli. These 
filtrates remain virulent even after a week’s 
refrigeration (Valtis) and after forty-eight 
hours’ exposure at laboratory temperature 
to bright light (F. Arloing and Dufourt). 
Twice in experiments on 300 guinea pigs 
(Calmette and Valtis) have nodular lesions, 
rich in bacilli, occurred in single organs, such 
as liver or spleen. Lesions at the site of 
inoculation were never observed, however. 
Many Italian, Roumanian, Russian, Bel- 
gian and American workers have verified 
the above facts. A few have obtained only 


negative results, either because they ex- 
pected to find at necropsy of the animals 
inoculated with filtrates the usual tubercu- 
lous lesions or because they did not search 
the lymph pulp carefully enough for acid- 


fast bacilli, What is the origin of these 
minute filterable elements, culture of which 
has only exceptionally resulted in the 
development of the normal acid-fast forms, 
and whose virulence is manifestly less than 
that of the latter? The lesions resulting 
from inoculation of guinea pigs are not such 
as would be accounted for by the chance 
passage of a few bacilli or bacillary units, 
which Valtis, Lange and others have shown 
are sufficient to induce characteristic lesions 
and sensitize to tuberculin. On the other 
hand, the form of infection produced by the 
filterable elements seems peculiar in that it 
is less virulent and that cultivation on 
artificial media is most difficult. Certain 
conditions, however, augment this viru- 
lence, such as a single animal passage (Valtis, 
Négre, Boquet, Certouciny). The source 
of the filterable elements is demonstrated by 
the fact that the inoculated animals become 
sensitive to tuberculin intracutaneously, 
even in the absence of any organic lesion. 
However, such sensitiveness is transitory 
and may disappear. Another proof of 
identity of origin with tubercle bacilli is 
that reinoculations of the filtrates, at inter- 
vals of twenty-five days, produce typical 
Koch phenomena (Debré, Lelong, H. Bon- 
net). Finally, it appears that these filterable 
elements may confer on animals injected 
with small doses some degree of resistance 
to virulent artificial infection (MacJunkin, 


Paraf, Valtis, Boquet and Négre, Arloing 
and others). But the great point of practical 
interest and importance is that these filter- 
able elements of tuberculous virus are 
capable of passing, during gestation, through 
the placenta, just as through porous porce- 
lain filters, and infecting or intoxicating the 
foetus. This necessitates revision of pre- 
ceding views on tuberculous heredity. 
Trans placental Infection: The following ex- 
periments were carried out in 1925 by Cal- 
mette, Valtis, Négre and Boquet: /: Two 
guinea pigs infected with tuberculosis 
received intraperitoneally 20 cc. of an 
emulsion of 


Bovine tubercle bacilli (Vallée).. 0.30 
Sterile physiological salt solution. 40. 
Emulsion of sterilized bread 

Sterile glycerine 


After death their peritoneal exudate was 
filtered twice through a Chamberland L2 
bougie, under —40 cm. mercury pressure. 
The filtrate was planted and kept forty- 
eight hours without any growth. Eleven 
guinea pigs were injected subcutaneously 
with doses of 1, 1.5, 2 and 8 cc. Three 
animals died within a few weeks, showing 
no apparent tuberculous lesion, but their 
tracheobronchial lymph nodes, slightly 
hypertrophied, contained acid-fast bacilli. 
Another guinea pig was inoculated with the 
lymph-node products of one of this series 
and developed a caseous tracheobronchial 
node in which were found numerous bacilli. 
Another showed them in a_ mesenteric 
lymph node. 2: A veil from a culture of 
bovine tubercle bacilli was emulsified in 
50 cc. of physiological salt solution, incu- 
bated forty-eight hours at 38°C., cholera 
organisms added to test the filter, and filtered 
through a Chamberland L2 bougie under 
similar conditions. The filtrate, seeded on 
Martin’s bouillon and incubated twenty-four 
hours, remained sterile. A female pregnant 
guinea pig then received subcutaneously 
20 cc., 15 cc, and 10cc. doses. About twenty 
days after the first dose she had 4 little ones. 
One was immediately autopsied. It showed 
hypertrophied portal lymph nodes, contain- 
ing acid-fast bacilli. Soon afterward Ar- 
loing and Dufourt reported finding tubercle 
bacilli in the lumbar lymph nodes of a 
guinea-pig foetus whose mother was inocu- 
lated with the filtrate of pus from a child’s 
tuberculous tracheobronchial node. They 
later reported to the Academy of Medicine 
an observation of a child born before term to 
a phthisical mother, separated since birth, 
dying at six weeks, in whose mesenteric 
nodes, slightly enlarged, were a few bacilli 
able to infect a guinea pig. A _ study 
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was also made by Valtis and Lacomme, 
during 1926-1928, on 26 infants or foetuses 
from tuberculous mothers from the Baude- 
locque clinic, obtained through the collabora- 
tion of Couvelaire. Of these, 20 were 
incontestably infected by filterable elements, 
but only one showed typical tuberculous 
lesions. The other 19 showed no lesion but 
5 had in the pulp of the mesenteric, coronary 
or portal lymph nodes, typical tubercle 
bacilli, and all had in their viscera and 
lymphatic organs virulent filterable elements 
which on inoculation into guinea pigs gave 
rise to demonstrable tubercle bacilli. The 
cause of death of all these children was 
associated with progressive malnutrition, 
described by Couvelaire. The above facts 
favor the view that transplacental infection 
by the “ultravirus” is not of infrequent 
occurrence, and is almost constantly realized 
in the case of tuberculous mothers during 
gestation. That its consequences are not 
graver than they are is due to a partial loss 
of virulence or pathogenicity. Calmette 
believes that progressive malnutrition occur- 
ring shortly after birth denotes a strong 
impregnation with the ultravirus, which 
possesses highly toxic properties. That the 
immediate mortality among offspring of 
tuberculous mothers has been only 12 per 
cent and that surely due to the ultravirus 
(syndrome of progressive denutrition) only 
3 per cent is reassuring. It thus seems that 
massive dosage is required to cause harm 
and that a small dose of ultravirus may 
perhaps even confer resistance. Conclu- 
sions: 1: There exist in tuberculous prod- 
ucts,—pus, sputum (even from so called 
closed cases), pleural or peritoneal exudates, 
urine of subjects with renal tuberculosis, 
and also cultures of tubercle bacilli on liquid 
media,—virulent elements, invisible micro- 
scopically and filterable through Chamber- 
land L2 or L3 and Lilliput or Berkefeld 
bougies. 2: These elements, planted on 
artificial media, do not give rise to cultures 
of tubercle bacilli but if inoculated subcu- 
taneously or intraperitoneally in sensitive 
animals, determine generally discrete lym- 
phatic lesions, in which prolonged and care- 
ful search will reveal typical tubercle bacilli, 
often accompanied by acid-fast granulations. 
3: These same virulent filterable elements 
are met with in the blood of subjects affected 
with grave tuberculosis or the menstrual 
blood of phthisical women. 4: When sensi- 
tive animals are inoculated, these filterable 
elements most often possess feeble virulence 
and reduced vitality and are ordinarily 
incapable of producing lesions of caseous 
tuberculosis. Exceptionally, by successive 
animal passage, they recover tuberculogenic 
properties. 5: Animals inoculated with 


these elements become sensitive to tubercu- 
lin. They present the Koch phenomenon if 
reinoculated and tuberculous antibodies 
appear in their serum. When they do not 
succumb at once they are apt to become 
more resistant than normal animals. 
6: These invisible elements may pass 
through the placenta during the gestation 
period of tuberculous females. They may 
cause death of the foetus before or after 
birth, without any visible tuberculous lesion 
being found, yet the ultravirus is reinocu- 
lable and careful search reveals granulations 
or bacillary forms having the characters of 
tubercle bacilli. 7: The ultravirus seems 
only exceptionally dangerous for the foetus 
or newborn. After a few weeks have safely 
passed there is little danger. 8: The fore- 
going knowledge has a bearing on anti- 
tuberculous prophylaxis, which should be 
based on (1) preventive vaccination and (2) 
immediate separation from the bacilliferous 
mother.—Les éléments filtrables du virus 
tuberculeux, A. Calmette, Rev. d. l. Tuberc., 
October, 1928, ix, 653.—(A. P.) 


Filterability of Tubercle Bacillus.— 
Filtration experiments with 28 sputa, 4 pure 
cultures and 6 tuberculous guinea-pig 
organs, resulted in the finding of acid-fast 
rods in variable amount in guinea pigs 
injected with 2 sputa and 1 pure culture. 
Further inoculation and culture experiments 
from these primary animals were fruitless. 
A positive microscopic finding occurred in a 
passage animal with 5 additional sputum 
cases, and in another case the further 
inoculation of negative bronchial lymph 
nodes into a primary animal resulted in 
typical tuberculosis which may have been 
due to a spontaneous infection. As the 
result of control tests it is concluded that the 
positive findings were not due to acid-fast 
saprophytes but an avirulent varient of the 
tubercle bacillus. As proof of the existence 
of an ultravisible virus the experiments are 
not conclusive. It is possible that they may 
be due to the passage of tubercle bacillus 
“Splittern.”— Versuche tiber die Filtrier- 
barkeit des Tuberkelbacillus, L. Lange and 
K. W. Clauberg, Zeitschr. f. Tuberk., 1929, 
litt, 1—(H. J. C.) 


Filterable Elements of Tuberculosis 
Virus.—Numerous researches in the last 
few years have revealed the existence in cul- 
tures of the tubercle bacilli, and in tubercu- 
lous lesions, of certain elements which can 
pass through porcelain filters and produce 
in guinea pigs lesions of a special type, in 
which there is never an inoculation chancre 
with accompanying caseous adenitis, or 
nodular visceral lesions. On the other hand 
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the neighboring lymph nodes become slightly 
swollen from the tenth to the fifteenth day 
and subsequently become normal again. 
Autopsies do not show any caseous lym- 
phatic lesions, but the nodes are often hard 
and contain liquid pus composed of poly- 
morphonuclear leucocytes, and it is possible 
to detect typical acid-fast bacilli on smears 
after very exhaustive examinations. These 
are more easily found after the first two 
weeks or first two months after inoculation, 
and after this tend to disappear. Some- 
times the infection produced by inoculation 
of filtrates results in temporary tubercu- 
lonic allergy alone, which ceases with the 
destruction in the organism of the filterable 
virus. Again, one may find discrete nodular 
lesions limited to a single organ, but with 
no trace of inoculation chancre or customary 
regional adenitis. These atypical forms of 
tuberculous infection are due to modifications 
in the virulence of acid-fast germs developing 
from filterable elements of the tubercle 
bacillus (tuberculous ultravirus). Proof of 


this is supplied by the fact that when a 
healthy guinea pig is inoculated with lesions 
containing tubercle bacilli produced in 
another animal following inoculation with 
tuberculous filtrates, a typical tuberculosis is 
not observed, but instead lesions analagous 
to those produced by the filterable elements 


of the tubercle bacillus. After a certain 
number of transfers the virulence of these 
germs is finally increased, producing then 
after inoculation a typical form of experi- 
mental tuberculosis. Certain criticisms have 
recently appeared in the literature, to the 
effect that the bacilli found in the lymph 
nodes of guinea pigs inoculated with filtrates 
are either tubercle bacilli due to a spontane- 
ous infection or more frequently paratubercle 
bacilli (timothy bacilli), because careful 
study revealed acid-fast bacilli in the lymph 
nodes of healthy guinea pigs to the extent 
of 33 per cent. In refutation of this, the 
authors have carefully examined healthy 
guinea pigs ever since the beginning of their 
experiments, and in not a single instance 
were acid-fast bacilli found. Furthermore, 
spontaneous tuberculous infection in guinea 
pigs is practically nonexistent except in 
breeding stations located on the grounds of 
certain sanatoria for tuberculosis. On the 
other hand, the appearance of bacilli in 
lymph nodes within two months after 
inoculation of filtrates, and their disappear- 
ance thereafter, show these bacilli to be 
connected with the inoculation. More- 
over, proof that these bacilli originate from 
inoculated filterable elements is supplied by 
the inoculation of these elements in the 
peritoneal cavity, typical acid-fast bacilli 
being found in the lymph nodes of the 


omentum, and in the omentum itself, as 
well as in the leucocytes present in the 
resulting effusion. Acid-fast bacilli are also 
found in the lymph nodes of foetuses born 
of guinea pigs inoculated subcutaneously 
with filtrates, so that a spontaneous infection 
cannot be in question. As to the hypothesis 
that the bacilli found in the lymph nodes of 
healthy animals may be timothy bacilli, 
this is contradicted by experiments in which 
there could not be obtained the slightest 
growth from these lymph nodes, although 
timothy bacilli are known to be easily culti- 
vated on all ordinary media. The fact also 
that these microédrganisms found in the 
lymph node after inoculation of filtrate 
are able to produce typical tuberculous 
lesions after a certain number of transfers, 
suffices to prove that they are attenuated 
tubercle bacilli, and not the paratubercle 
bacilli of timothy grass. It has been shown 
that Old Tuberculin diluted 1:10 contains 
numerous cadavers of tubercle bacilli, and 
that they can be discovered in lymph nodes 
after the subcutaneous tuberculin test. 
The healthy animals in which acid-fast 
bacilli were found had previously been tested 
with 0.2 cc. of 1:10 tuberculin. This would 
explain the inability to obtain any growth 
on cultures.—The Filterable Elements of 
the Tuberculosis Virus (Tuberculous Ultra- 
virus), A. Calmeite, J. Valtis and A. Saenz, 
J. Am. M. Ass., June 22, 1929, xcti, 2086.— 
(G. L. L.) 


Determination of Virulence of Tuber- 
cle Bacilli.—In order to determine the viru- 
lence of tubercle bacilli the authors recom- 
mend the intracutaneous injection of 
0.000,01 mgm. of bacilli in the guinea pig. 
The greater the virulence of the strain the 
earlier is the development of the primary 
effect and swelling of the regional lymph 
node. Only gross differences in virulence 
can be thus determined. A more exact 
method involves the injection of counted 
organisms.—Ein Verfahren der Virulenz- 
bestimmung von Tuberkelbacillen fiir die 
Laboratoriumspraxis, B. Lange and K. 
Lydtin, Centralbl. f. Bakt., I. Orig., 1928, 
cuit, 22.—(H. J.C.) 


Effects of Dyes on Tubercle Bacilli.— 
In extensive experiments with dyes and 
tubercle bacilli 2m vitro and in vivo it was 
shown that there was a distinct relation 
between certain dye-groups and the tubercle 
bacillus in staining experiments. In bac- 
tericidal experiments, using the blood 
method of Wright, there was also found a 
group-specific affinity of the dyes and 
tubercle bacillus, and that certain dyes 
which had an inhibitory influence upon the 
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growth of tubercle bacilli also to a certain 
extent retarded infection in guinea pigs.— 
Anfarbung, Wachstumshemmung und Bac- 
tericidie der Tuberkelbacillen durch Farbs- 
toffe, Gertrud Meissner, Centralbl. f. Bakt., 
I. Orig., 1929, cx, 172.—(H. J. C.) 


Pigmentation of Acid-Fast Bacteria.— 
Cultures of acid-fast bacteria vary conspicu- 
ously in pigmentation. Colonies of tubercle 
bacilli, growing on either liquid or solid 
media, are white in the initial stages of 
growth and usually become yellowish after 
a few weeks. Frequently the pellicle be- 
comes more deeply pigmented. Much the 
same condition has been observed in the 
case of many saprophytic acid-fast organ- 
isms. The medium used for the present 
study consisted of 500 gm. beef, 10 gm. pep- 
tone, 5 gm. NazHPO,, 7 gm. glycerol and 
15 gm. agar per litre, autoclaved and 
adjusted to pH 7.4. For certain purposes 
this was supplemented by the addition of 
0.2 gm. ferric citrate per litre. All of the 
microédrganisms used in this study grew at 
approximately the same rate in this medium. 
There was, however, a great difference in 
the amount of pigmentation of those grown 
on the iron and the iron-free medium. Four 
strains of human tubercle bacilli, three of 
bovine, two of avian, four of M. leprae and 
one each of M. phlei and M. smegmatis were 
studied. All of these showed pigmentation 
on the medium containing iron and none on 
the iron-free medium, with the exception of 
M. leprae (65 Duval) which showed a pale 
yellow pigmentation on the iron-free me- 
dium. In sharp contrast to the behavior 
of the acid-fast forms, all pigmented non- 
acid-fast forms tested produced equal 
amounts of pigment on the iron and iron-free 
medium. Conclusions: Data have been pre- 
sented which indicate that the yellow, brown 
or red pigmentation of acid-fast bacteria is 
related to the presence of iron in the culture 
media. Lack of stabilizing substances or 
high pH which permits precipitation of iron 
prevents pigment formation. Nonacid-fast 
bacteria are not so affected by the iron con- 
tent of the culture media.—The Influence 
of Iron on the Pigmentation of Acid-Fast 
Bacteria, G. B. Reed and C. E. Rice, J. 
Bact., June, 1929, xvii, 407.—( F. G. P.) 


Tubercle Bacilli in Latent Tuberculo- 
sis.—The author tried to cultivate tubercle 
bacilli, using the sulphuric-acid method of 
Hohn, and to infect animals from primary 
complex lesions of 65 cases over 40 years of 
age: 101 calcified lesions, 86 of them thoracic 
and 15 abdominal, were studied, and only 
once were tubercle bacilli found. The 
author explains his findings, differing from 


those of Lubarsch, Schmitz, Rabinowitsch, 
and others, as due to the fact that these 
authors examined cases under 40 years of 
age.—Untersuchungen zur Frage der latenten 
Tuberkulose im verkalkien Rankexchen Pri- 
mirkomplex, G. Schrader, Virchow’s Arch., 
1928, cclxix, 355—(H. J. C.) 


Mixed Infection in Pulmonary Tuber- 
culosis.—Clinical earmarks of mixed in- 
fection do not exist and the type of fever is 
of no differential value. In order to deter- 
mitie whether mixed infection was important 
in pulmonary tuberculosis the author sub- 
mitted the sputum of 19 cases in two or 
three consecutive trials to a very exact 
method, consisting of taking a specimen of 
sputum of about pea-size and washing it 
two to three times, for freeing from mucus, 
in 1 to 2 per cent soda solution, and further 
with 16 to 20 rinsings in sterile receptacles. 
The lumps remaining were then broken up 
and smeared upon ascites agar. With the 
exception of contaminations the same micro- 
organism of mixed infection was only found 
in one case more than once. This result 
would suggest the rarity of secondary mixed 
infection. In order further to determine 
the rarity of entrance of mouth bacteria into 
the lungs the bronchial tree of a rabbit was 
studied for the presence of various micro- 
organisms. The bacterial count decreased 
from the trachea down, while the bronchi 
were free from bacteria. This view is also 
contributed to by the clinical observation 
that infection of the pleura rarely occurred 
in repeated spontaneous pneumothoraces. 
To further study this problem blood exam- 
inations were made in 100 high febrile cases 
of pulmonary tuberculosis and at repeated 
intervals, but in none of the 100 cases were 
bacteria obtained from the blood.—Mischin- 
fektion bei der Lungentuberkulose, G. Plato- 
nof and E. Morosowa, Beitr. z. Klin. d. 
Tuberk., 1928, lxix, 656—(H. J. C.) 


Sputum Flora in Aspiration Pneu- 
monia.—The danger of haemoptysis lies in 
the resulting aspiration pneumonia as well 
as seeding of tubercle bacilli. As the result 
of a study of the sputum flora the author 
found that diplococci reach their maximum 
in the first week and diminish during 
the fifth and sixth weeks while tubercle 
bacilli diminish with the development of the 
aspiration pneumonia. A diminution of the 
diplococci with the recurrence of tubercle 
bacilli indicates a termination of the aspira- 
tion pneumonia. A disappearance of the 
diplococci and recurrence of tubercle bacilli 
in the sputum with persistent clinical findings 
of aspiration pneumonia indicates a transi- 
tion of the pneumonia to a tuberculosis.— 
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Die Sputumflora der himoptoischen Aspira- 
tionspneumonie, A. Finkel- Karpovsky, Beitr. 
z. Klin. d. Tuberk., 1928, Ixix, 594.— 
J.C.) 


Antigenic Substances of Tubercle 
Bacillus.—The differentiation and study of 
the isolated antigenic substances of bacterial 
cells is one of the most promising fields of 
research in bacteriology. This voluminous 
article is a study of the precipitation and 
complement-fixation reactions, and the pro- 
duction of antibodies with the tubercle 
bacillus and its different fractions. It was 
early recognized after complement-fixation 
came into use that the alcoholic extract of 
the tubercle bacillus contains an antigen, 
and there is now ample evidence that the 
antigens present in lipoid extracts in general 
are different from the protein substances of 
the bacillus and the carbohydrate pre- 
cipitable substances. Also, lipoid extracts 
of the tubercle bacillus have certain anti- 
genic effects in vivo. Different methods of 
extracting lipoid from the bacillus were used, 
the principal one consisting of grinding the 
bacteria with alcohol and then centrifu- 
gating or filtering the extracts. In the 
extracts of tubercle bacillus obtained with 
alcohol of different strengths six different 
antigens were found, three of which are well 
characterized and well separated from the 
others. The characterization of three others 
is not definite. The sera used for the 
differentiation of these lipoid antigens were 
prepared by treating normal rabbits with 
killed or living tubercle bacilli, and tubercu- 
lous guinea pigs with tubercle bacilli or with 
certain preparations obtained from them. 
As sera made in the same way may differ 
widely in their reactions, several sera were 
usually prepared according to a given 
method and thoroughly examined. Tuber- 
culous guinea pigs were used extensively for 
the production of antibodies for, by in- 
jecting the antigen into the tuberculous 
lesion, not only sera of high titre were ob- 
tained, but also antibodies against antigens 
toward which in the rabbit only very weak 
antibody-production or none at all was ob- 
served. The sera obtained from the tuber- 
culous guinea pigs were highly specific toward 
the antigen used for treatment. The 
presence of antibodies was mainly deter- 
mined by the complement-fixation test, using 
a modified Wassermann technique with an 
excess of amboceptor. The antigens and 
the sera were titrated against each other 
and at least two units of complement were 
used. From the water-extract, weak sodium- 
hydroxide extract, and broth cultures three 
acid-precipitable protein fractions, with dif- 
ferent antigenic properties and different 


isoelectric points, were separated. These 
fractions probably contained different protein 
substances. Observations indicated that in 
the protein substance antigens other than 
these three are present, for in certain 
water-extracts and filtrates of liquid media 
there is a protein substance which is non- 
precipitable with acids, has strong tubercu- 
lin effect, and has antigenic properties which 
are different from those of the other protein 
antigens. The antibody-production was 
found to be strongest when intact bacteria or 
bacillary fragments were used. There is a 
distinct difference between the sera obtained 
with living- and with killed-bacillus sus- 
pension, the former always containing pre- 
cipitins toward the carbohydrate antigen 
and usually in abundance. Toward the 
different antigens varying amounts of anti- 
bodies are present in these sera. Sometimes 
the protein antibodies predominate and lipoid 
antibodies are not formed, or only slightly 
formed; in other sera the opposite is the 
case. Both the water- and the alcohol- 
extracts produce antibodies, although in 
slighter amounts than the formed elements. 
In the sera produced with the lipoid sub- 
stances a certain amount of protein antibody 
is usually present, and the sera obtained 
with 75 per cent alcoholic extract contain in 
abundance two types of antibodies which 
are absent in the sera obtained with bacillus 
emulsion. With increasing purification, the 
antigenic effect im vivo with the majority of 
the antigenic preparations largely decreases 
or disappears, although there were some 
exceptions to this. These observations con- 
cerning the antigenic effect im vivo of the 
different constituents of the tubercle bacillus 
are in accord with Zinsser’s conception con- 
cerning the antigenic structure of the bac- 
teria. The larger part of the antigens very 
active in vitro are active in vivo only in the 
original complex, and are not active when 
isolated from it. These antigens produce 
antibodies only when in connection with 
larger complexes in which certain protein 
substances have probably a preponderant 
role. The use of tuberculous guinea pigs 
for the production of antibodies was found 
very helpful.— The Antigenic Subsiances of 
the Tubercle Bacillus. II. The Examination 
of the Antigenic Properties, L. Dienes, J. 
Immunol., August, 1929, xvii, 85.—(J. S. W.) 


Antigenic Substances of Tubercle 
Bacillus.—In this article (part III) data 
are given concerning the chemical composi- 
tion of antigens 2, 3, 4 and 5, which are all 


soluble in lipoid solvents. The preparations 
of antigens 3 and 4 were found to contain 
large amounts of fatty substances. Antigen 
3 preparation consists of 65 per cent fat. 
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In the preparations of antigens 2 and 5 only 
8 to 10 per cent fat was present. All 
preparations contained carbohydrates in 
varying amounts without apparent con- 
nection with the specific properties. The 
nitrogen content of the purified preparations 
of antigens 3 and 4 was low (0.3 to 0.4 per 
cent), but somewhat higher in antigens 2 
and 6 (1.7 to 3.2 per cent).—The Antigenic 
Substances of the Tubercle Bacillus. ITI. 
The Chemical Examination of the Antigenic 
Substances of the Tubercle Bacillus Ex- 
tracted with Lipoid Solvents, L. Dienes, J. 
Immunol., August, 1929, xvii, 157.—(J. S. W.) 


Antigenic Substances of Tubercle 
Bacillus.—The main object of the experi- 
ments was to obtain further evidence of the 
essential similarity of the tuberculin reaction 
and the tuberculin-type protein reactions. 
The tuberculin effect seems to be one of 
several manifestations of the specific proper- 
ties of the antigens. In order to determine 
the presence or absence of quantitative 
differences in regard to the specificity of the 
several protein fractions, only preparations 
with widely different antigenic properties 
were examined, using various methods to 
estimate their effect. The experiments were 
arranged in three different ways. Using 
different preparations, the tuberculin reac- 
tions of guinea pigs in various stages of 
sensitization were compared. The guinea 
pigs were sensitized either through infection 
or with killed tubercle bacilli. The second 
method was to produce a strong tuberculin 
shock in the guinea pigs with the prepara- 
tions and, after a certain time, examine the 
skin sensitiveness with the same and other 
preparations. The skin sensitiveness after 
the shock is lowered; hence large doses have 
to be used in the skin test. The decrease of 
the sensitiveness toward the preparation 
with which the guinea pigs are injected 
(shocked) is larger than toward the other 
preparations. The differences in the skin 
tests are more marked eight to fifteen days 
after treatment than immediately following 
the tuberculin shock. The third method 
was a comparison of the sensitiveness of 
tuberculous guinea pigs to different prepara- 
tions which were injected, a short time after 
infection, into the swollen inguinal lymph 
nodes. The original purpose was to accel- 
erate the development of the sensitiveness by 
the injection of the protein substances into 
the tuberculous lesions. Contrary to ex- 
pectation, the injection of the protein sub- 
stances of the bacillus hindered the appear- 
ance of tuberculin sensitiveness. This 
hindrance was more pronounced toward the 
preparation used than toward other prepara- 
tions. Also, after a strong tuberculin shock, 


the differences in the sensitiveness with 
different preparations were more pronounced 
a few weeks later than immediately after the 
shock, so it seems that the second and third 
methods are essentially similar. The group 
of guinea pigs sensitized with killed bacteria 
was unusually sensitive. These guinea pigs 
were injected several times intraperitoneally 
with large doses of a coarse tubercle-bacillus 
emulsion, the bacteria being killed by ex- 
posing the emulsion in a fine capillary tube 
for three minutes to boiling water. The 
emulsion was not well ground, for it is 
known that tubercle-formation and sensitiza- 
tion are better after the injection of coarse 
material. Swmmary: Guinea pigs sensitized 
with killed bacteria compared with infected 
guinea pigs gave relatively stronger reactions 
with the protein substances extracted with 
weak sodium hydroxide from the bacillary 
bodies than with the filtrate of broth-culture. 
In groups of tuberculous guinea pigs treated 
with different tuberculin preparations with 
different antigen specificity the skin reactions 
in each group (compared to the reaction of 
the other groups) were relatively slighter 
with the preparations used for the treatment 
than with the other preparations. These 
observations show that between different 
tuberculin preparations not only quantita- 
tive, but also qualitative, differences are 
present with respect to the tuberculin effect. 
The simplest supposition concerning the 
cause of these differences is that they are 
manifestations of differences in the antigen 
specificity.— The Antigenic Substances of the 
Tubercle Bacillus. IV. Connection Be- 
tween the Tuberculin Activity and Antigenic 
Properties, L. Dienes, J. Immunol., August, 
1929, xvii, 173.—(J. S. W.) 


Antibodies in Experimental Tubercu- 
losis.—This study is concerned with three 
questions: first, the development of circu- 
lating antibodies in primary tuberculosis; 
second, the development of antibodies in 
rabbits reinfected with tubercle bacilli while 
still incompletely recovered from a primary 
tuberculosis; and third, the correlation 
between the effects on bacterial surface 
properties and on phagocytosis produced by 
the sera of the animals studied. The 
primary infecting agent was virulent human 
tubercle bacilli and the reinfecting strain 
a virulent bovine bacillus. The sera were 
tested in all cases with suspensions in 0.85 per 
cent sodium-chloride solution of a living 
bovine bacillus that was avirulent and 
slightly atypical. It was not considered 
safe to use the virulent bovine bacillus 
(reinfecting strain) because of the danger of 
infecting the workers. For all practical 
purposes the avirulent bovine could be con- 


Bi: 
& 
4 


14 THE AMERICAN REVIEW OF TUBERCULOSIS 


sidered a homologous antigen. The methods 
used have been previously described (J. 
Exper. Med., 1929, xlix, 779). The sera 
were heated for thirty minutes at 56°C. in 
all cases. Rabbits infected intravenously 
with the human bacilli in the majority of 
cases developed circulating antibodies to a 
slight but appreciable degree. The increase 
in titre was detected in one group of rabbits 
within the second or third week, in others 
during the second month of infection. Such 
rabbits, on reinfection with bovine tubercle 
bacilli, promptly developed circulating anti- 
bodies strikingly in excess of those found 
during the course of primary infection. Such 
antibodies were present six or seven days 
after reinfection. The changes in titre 
during tuberculous infection, as detected by 
the bacterial surface reactions and by 
phagocytosis, were again, within the experi- 
mental error, in quantitative correspondence. 
The loss of phagocytosis-promoting power in 
heated normal serum involves an exception 
to this correspondence between surface and 
phagocytosis effects. This exception has 
been previously discussed (J. Exper. Med., 
1929, xlix, 797)—On the Mechanism of 
Opsonin and Bacteriotropin Action. III. 
The Development and Effect of the Antibodies 
Found in Experimental Tuberculosis of 
Rabbits, M. McCutcheon, M. Strumia, 


S. Mudd, E. B. H. Mudd and B. Lucké, 
J. Exper. Med., May, 1929, xlix, 815.— 
(J. S. W.) 


Immunization with Saponified Tuber- 
cle Bacilli.—The author used old cultures 
which had been treated with alkali and heat 
and had then been neutralized. Ten guinea 
pigs protectively inoculated with this ma- 
terial reacted refractorally to living bacilli, 
one being only mildly infected and a second 
dying of a generalized tuberculosis (this 
animal having received only a small dose of 
unsatisfactory vaccine). The controls de- 
veloped, with four exceptions, a severe 
specific disease, 5 of them dying of general- 
ized tuberculosis. The author believes there 
is an unmistakable immunization with the 
careful preservation of all the bacterial anti- 
gens in the vaccine— Versuche an Meer- 
schweinchen zwecks Immunisierung ‘mittels 
“‘verseifter’” Kochscher Bacillen gegen nach- 
traégliche Infektion mit lebenden Tuberkel- 
bacillen, K. W. Clauberg, Beitr. z. Klin. d. 
Tuberk., 1928, lxix, 551—(H. J. C.) 


Allergy in Tuberculosis.—When the 
animal’s body becomes infected with tubercle 
bacilli, its reactive powers soon become 
profoundly altered. Tubercle bacilli cannot 
thrive as well in the previously infected body 
as in the normal one and the immune body is 


abnormally susceptible to protein derived 
from tubercle bacilli. After infection the 
body becomes hypersensitive, or “allergic,” 
to the protein of the bacillus. In the patho- 
genesis of tuberculosis, this allergic condi- 
tion plays a réle which is no less important 
that that of immunity. The term “allergy” 
signifies, broadly, a condition of altered 
reactivity, when applied to bacterial in- 
fections and especially tuberculosis. The 
infected body becomes altered in some man- 
ner which renders the relatively bland pro- 
tein of the tubercle bacillus capable of acting 
on its tissues as a powerful irritant and 
poison. As a result of this change the cells 
of the allergic body are more extensively 
damaged and killed by a given amount of 
tuberculoprotein than are cells of the normal 
body, and, furthermore, because of this 
enhanced irritant action of tuberculoprotein 
on allergic tissues, and because of the 
resulting more extensive damage and death 
of cells, there appears a more violent acute 
inflammation at the site of action of tuber- 
culoprotein in the allergic body. Consti- 
tutionally, the greater irritative effect of 
tuberculoprotein on the allergic body is 
manifested by the fact that fever, malaise, 
prostration and death can ensue when an 
amount of tuberculoprotein which is harm- 
less for the normal body finds its way into 
the blood-stream of the allergic one. The 
allergic or the normal body can respond to 
the bacillus with either tubercle-formation or 
acute inflammation, and the number of 
bacilli and their site of lodgment are of 
great importance in determining the char- 
acter of reaction. The allergic reaction is 
called forth by the protein part of the 
bacillus and the tubercle-formation as the 
result of the lipoid part of the bacillus. It is 
obviously of prime importance to try to 
understand the underlying mechanism of 
allergic hypersensitivity. Studies were made 
to determine whether, following infection 
with the tubercle bacillus, the individual 
cells of the various tissues of the body do 
become changed in such a way that they are 
more readily injured by tuberculoprotein, 
regardless of the character of the body fluids 
by which they are surrounded. The results 
of these experiments, which were sharp and 
clear-cut throughout a series of many 
hundred cultures, demonstrated that, during 
infection, the individual tissue cells actually 
become altered internally in some manner 
which renders them inherently more sus- 
ceptible to tuberculoprotein than they were 
before. Allergy, therefore, resides in the 
cells and not in the body fluids. At least, 
no circulating antibodies are necessary for 
the injurious local effects of allergy in 
tuberculosis. It is a well-known fact that 
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although the allergic body is hypersensitive 
to tuberculoprotein extracted from the bacil- 
lus, this hypersensitiveness cannot be in- 
duced by the injection of tuberculoprotein. 
Whole bacilli, alive or dead, must be injected 
in order to set up the allergic state. The 
extent and character of any given tubercu- 
lous lesion found at autopsy have been 
determined by the interplay of factors, chief 
among which are the virulence and the num- 
ber of infecting bacilli, the degree of native 
individual and acquired resistance of the 
body and the degree to which allergy is 
developed. When large numbers of un- 
selected cases of miliary tuberculosis are 
studied microscopically, they can be divided 
into hard tubercles and soft tubercles. The 
striking difference between these two forms 
is the tendency to rapid necrosis of the cells 
of the soft variety. The soft tubercle is the 
result of the presence of large numbers of 
bacilli acting in the face of allergy. The 
difference in the number of bacilli to be 
found in the hard and soft types of tubercle 
is enormous. The sudden discharge of a 
caseous focus into a large vessel in an 
allergic individual may thus be recognized 
clinically by the abrupt onset of symptoms, 
and pathologically by the presence of soft 
tubercles in the tissues at autopsy. Because 
the development of meningitis by repeated 
experimental intravascular injections of 
tubercle bacilli had not been observed, 
studies were made to determine the patho- 
genesis of tuberculous meningitis. The 
amount of tuberculosis found in any tissue, 
following infection by the blood-stream, 
undoubtedly is determined partly by the 
ability of that tissue to stop and hold any 
circulating foreign particulate matter. The 
experiments of Bickner have demonstrated 
that the meninges belong to the group of 
tissues which stop and hold only minute 
amounts of inoculated particulate matter. 
Not being able, experimentally, to produce 
meningitis, by sending tubercle bacilli to the 
meninges by way of the blood-stream, the 
question arose, where then, were the bacilli 
coming from, if not directly from the blood- 
stream? The only other possibility was that 
the meninges were being directly infected by 
the discharge of bacilli into them from some 
adjacent tuberculous lesion. By carefully 
sectioning the entire central nervous system 
of our human material, caseous lesions, older 
than the meningitis, in communication with 
the meninges or the ventricular cavities 
were found. For the production of menin- 
gitis it is necessary only that these meningeal 
or cortical tubercles grow, caseate and dis- 
charge their bacilli into the meninges. In 
90 per cent of the 40 cases of meningitis 
studied, discharging lesions, usually multiple, 


were demonstrated. In the four cases in 
which the site of discharge was not found, 
the entire brain or middle ear was not had 
for examination. In the infected immunized 
body, one or two bacilli lodging at any site 
will either be killed outright or else encapsu- 
lated. Not every tubercle which extends to 
the meninges will set up meningitis. Many 
of them are completely encapsulated and 
this is especially true of large tubercles in 
the brain. The exact status of allergy in 
relation to immunity is one of the most 
important matters concerned in the patho- 
genesis of tuberculosis. It is well known 
that extensive tissue destruction and consti- 
tutional symptoms are directly dependent on 
allergic hypersensitiveness to tuberculo- 
protein. For theoretical and practical: 
reasons, it is important to know whether or 
not this hypersensitive state which, in 
effect, converts the bland protein of the 
bacillus into a most violent poison, is neces- 
sary in any way for the operation of acquired 
immunity. The hypothesis that allergy is a 
mechanism of immunity rests largely on the 
fact that, following infection both allergy 
and immunity appear about the same time 
and are usually coexistent thereafter. In 
the allergic, immune body, therefore, one is 
always confronted with what appears, at 
first sight to be a paradox: the infected 
body is more susceptible at the same time 
that it is more resistant than the normal one, 
that is, it is resistant to living bacilli; at the 
same time, this resistant body is sensitized 
to the bacterial protein liberated into its 
tissues by the disintegration of the bacilli, 
just as it would become sensitized to any 
foreign protein introduced parenterally, 
that is, it is hypersusceptible to tuberculo- 
protein; for it is generally believed that it is 
not the intact, living tubercle bacillus which 
initiates the allergic reaction but rather the 
protein liberated by this disintegration of 
the bacilli—The Réle of Allergy In Tuber- 
culosis, A. R. Rich, Arch. Int. Med., May, 
1929, xliti, 691.—(W. I. W.) 


Allergy in Tuberculosis.—The author 
discusses the term focal and peripheral 
allergy, by focal allergy indicating a sensi- 
tiveness of the tuberculous focus and by 
peripheral allergy a reactivity of the skin to 
tuberculin. The peripheral allergy is de- 
pendent upon the focus of disease, and there 
is, therefore, in principle no difference 
between the focal reaction and the pe- 
ripheral local reaction. Changes of the 
peripheral allergy always occur in relation 
with focal changes. With a primary infec- 
tion there occurs first the focal allergy and 
then with the development and progression 
of the process the peripheral allergy which 
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is also increased with the stimulation of the 
focus. The more active the focus the milder 
the sensitization of the periphery. It is, 
therefore, wrong to conclude that with an 
increase in the skin reactivity there occurs 
an inactivity of the process——Der Begriff 
der biologischen Aktivitit und die lokale 
Tuberkulinem pfindlichkeit, E. Szasz, Beitr. 
s. Klin. d. Tuberk., 1928, lxix, 366.— 


Immunity to Tuberculosis.—Changes 
in virulence of tubercle bacilli have been 
held accountable for the differences in pro- 
gression of the disease and for the variable 
evidences of individual immunity. But this 
would not explain the irregular “up and 
’ down” course of chronic tuberculosis or the 
exacerbation of the disease after childbirth. 
Besides, nearly all tubercle bacilli isolated 
from patients have a constant virulence. 
Immunity may in some measure be hered- 
itary and dependent upon bodily con- 
formation, etc., but in vastly greater measure 
it is acquired through infection with tubercle 
bacilli. Acquired immunity is not complete 
but is relative. We should bear in mind 
that endogenous as well as exogenous spread 
of tubercle bacilli is important in the disease. 
Is the first or immunizing infection danger- 
ous? In answer to this question it can be 
said that statistically the mortality in the 
first year of life is 170 per 100,000, in the 
second year is 120, in the third year is 85 
and from years five to fourteen it is 45 (as 
shown in years 1919-1922), while the total 
for the years to 14 is 145, which is much 
lower than that in the older age-groups. 
But it does not follow, however, that infants 
should be artificially infected in order to 
prevent them from becoming naturally 
infected (with some liability to disease), 
for it has been shown that a certain number 
of children immunized with Calmette’s 
BCG have died of tuberculosis. The ques- 
tion of protective inoculation is still unsolved 
in spite of all the work of Calmette, Lange 
and others. We must know more about the 
epidemiology of tuberculosis before we can 
evaluate results—Gedanken iiber kiinstliche 
Immunisierung gegen Tuberkulose, O. Ziegler, 
Deutsche med. Wchnschr., May 24, 1929, 
lv, 863.—( H. S. W.) 


Immunity to Tuberculosis.—Experi- 
ments were made on a series of animals 
quantitatively infected with tubercle bacilli 
to control the chronic infectious process by 
continued treatment with derivatives from 


tubercle bacilli. It was observed that in 
producing an entirely chronic tuberculous 
process in the animals, similar to human 
tuberculosis, cures could be obtained through 


treatment with tubercle-bacillus derivatives. 
The complex derivative isolated by L. 
Tomarkin is suitable for this purpose. In 
guinea pigs and rabbits, preparations with 
powerful irritating and specific effects on 
acute tuberculous processes lead to accelera- 
tion of the infection.— Studies in Tuberculo- 
sts Immunity, W. Weichardt, Tubercle, 
November, 1929, xi, 49.—(W. I. W.) 


Skin as Organ of Immunity.—The 
advantages of intracutaneous compared with 
subcutaneous inoculation are a retention of 
the bacilli in the connective-tissue layers of 
the skin, resulting in a slower resorption 
with antibody formation and a minimizing 
of the danger of the spread of the bacilli, 
as well as a visible development of the 
immunizing processes in the superficial skin 
layers, thus fully eliciting the antibody 
function of the skin. It is believed that not 
only the mesenchymal part of the skin but 
all the mesenchymal tissues become im- 
munized from the tuberculous depot in the 
skin. As the real immunity organ of the 
skin the author designates the papillary 
bodies which are rich in vegetative-nerve 
fibres. It is believed that more favorable 
results are obtained by subepidermal 
scarification into the capillary bodies than 
when the rete mal pighii is reached. In addi- 
tion the skin is viewed as a detoxicating 
organ.—Uber Hautimpfungen mit virulenten 
Tuberkelbacillen bet Tuberkuloseschutzimp- 
fungen, A. Moeller, Beitr. 2. Klin. d. 
Tuberk., 1928, lxix, 141.—(H. J. C.) 


Reaction of Lymph Nodes to Tuber- 
eculin.—In a large number of tuberculous 
guinea pigs there occurs, following the 
administration of tuberculin by Roemer’s 
method, a swelling of the lymph nodes 
tributary to the site of inoculation. Fre- 
quently this swelling is more definite after 
the first injection than the reaction at the 
site of inoculation. In a number of cases 
the glandular reaction can be absent even 
in the presence of a skin reaction. The 
swelling of the lymph nodes can either be 
progressive or retrogressive. Injection of 
tuberculin into the lymph nodes also 
results in a reaction there.—Driisenreaktion 
auf A. T. Applikation bei experimenteller 
Meerschweinchentuberkulose, K. G. Leder- 
mann, Beitr. z. Klin. d. Tuberk., 1928, 
Ixx, 627.—( H. J. C.) 


Effect of Fermentation on Tuberculin. 
—The author submitted Old Tuberculin to 
fermentation in the hope of diminishing the 
anaphylactic component or to cause its dis- 
appearance. The fermentation was carried 
on at a temperature of 25° to 28°C. over a 
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period of 1 or 2 months. In animal tests 
with this material anaphylactic properties 
were absent while immunization could still 
be attained. In human beings the use of 
the fermented tuberculin revealed an ab- 
sence of anaphylactic effect as well as pro- 
ducing no harmful consequences. It is 
believed that the slow fermentation destroys 
the toxic and anaphylactic properties of 
the Old Tuberculin while the. immunizing 
factor remains unchanged.—Uber die giin- 
stige Beeinflussung des Tuberkulins durch die 
Gérung, A. Komis, Beitr. 2. Klin. d. 
Tuberk., 1928, lux, 770.—(H. J. C.) 


Testicular Tuberculin Reaction.— 
Intratesticular injections of 0.1 cc. of 1 to 50 
to 1-500 tuberculin dilutions causes, in the 
presence of tuberculosis, a tuberculin re- 
action which reveals itself as an enlarge- 
ment and hardening of the injected testicle. 
No reactions are obtained when the tubercu- 
lin injection is given at too early an interval 
following infection, and especially when the 
animal is in an anteallergic stage, or when 
cachexia exists. A repetition of the test in 
tuberculous animals which had previously 
given a positive result reveals partly nega- 
tive and partly positive findings——Die 
Hodentuberkulinreaktion beim Meerschwein- 
chen, K. G. Ledermann, Beitr. 2. Klin. d. 
Tuberk., 1928, lxix, 265.—-( H. J.C.) 


Sensitiveness to Glycerin-Bouillon.— 
Among 93 tuberculin-positive children there 
were 83 that reacted to injections of con- 
centrated glycerine-bouillon Héchst, and of 
17 tuberculin-positive adults 16 reacted, 
while of 112 tuberculin-negative children 
none reacted to the bouillon. Micro- 
scopically the site of reaction to the glycerine- 
bouillon proved to be tuberculoid in nature, 
reacting as a granulation tissue in the cutis.— 
Zur Frage der Glycerinbouillon-Empfind- 
lichkeit, W. Keller and W. Diolter, Beitr. 2. 
Klin. d. Tuberk., 1928, laix, 444.—( H. J.C.) 


Appearance of Symptoms of Tubercu- 
losis.—Of 1,499 white patients with pul- 
monary tuberculosis, over 15 years of age, 
only 17 per cent were classified as being in 
the early or minimal stages at the time of 
admission to twelve different sanatoria. A 
study was made to determine the order of 
appearance and the relative importance of 
the various symptoms that cause the patients 
to seek medical advice. Cough was the 
most common symptom reported, occurring 
prior to admission in 87 per cent of the pa- 
tients; in 22 per cent it was the first symp- 
tom, and in 75 per cent one of the first five. 
Of those in the minimal stage at admission, 
40 per cent of the women and 25 per cent of 


the men had had no cough. Expectoration 
was reported by the third largest number of 
patients and acute respiratory cold by the 
tenth largest, as a symptom prior to ad- 
mission. The group of symptoms falling 
under the heading “too easily tired” is 
second in importance, one or more of the 
characteristic symptoms being present in 
1,245 patients. The second largest number 
of patients stated that they had lost weight 
at the same time before admission. It 
stood fourth as the first symptoms to appear, 
and third among the first five to be evident. 
A loss of appetite was observed by 805 pa- 
tients, 215 of whom also reported indigestion. 
Pain in the chest was reported by 693, dry 
pleurisy mentioned by 580, and pleurisy with 
effusion by 94. A history of haemorrhage 
was given by 317, and ranked eighteenth in 
importance as to total appearances. In 
general, it was concluded that the five most 
important symptoms of tuberculosis are 
cough, being too easily tired, loss of weight, 
anorexia, and pain in the chest. A study of 
the reason for the first consultation showed 
that all except 2 or 3 per cent of the patients 
first consulted a physician because they were 
sick. Importance of these symptoms as 
spurs to consultation corresponded on the 
whole with their prevalence, the compara- 
tively infrequent symptom of haemorrhage 
being much more apt to cause prompt 
action. Only a small number of patients 
were examined because they were contacts 
or because of some routine procedure, but it 
is interesting that tuberculosis was dis- 
covered at a much earlier stage in these 
patients than would ordinarily have been 
the case.— The Appearance of the Symptoms 
of Tuberculosis, and Their Bearing on the 
Seeking of Medical Advice, L. R. Williams 
and A.M. Hill, J. Am. M. Ass., August 24, 
1929, xciti, 579.—(G. L. L.) 


Hereditary Tuberculous Haemoptyses. 
—If there was a dogma which only a little 
while ago seemed secure it was that of the 
nonheredity of human tuberculosis. Excep- 
tions which could be proved were extremely 
rare. Consequently, when Calmette and 
Valtis, Arloing and Dufourt, and Covelaire 
and Lacomme demonstrated the existence of 
a filterable virus which could pass through 
the placenta and cause a truly “occult” 
congenital tuberculosis, there was general 
amazement. But now that tuberculous 
heredity is a scientific possibility and not a 
heresy, it behooves everyone to scrutinize 
his personal observations for examples. The 
cases reported here follow: First Generation: 
This was a woman affected at her twentieth 
year with tuberculosis of the left lung and 
who married shortly afterward. Becoming 


/ 
| 
‘ 


‘| 
| 
| 
| 


18 THE AMERICAN REVIEW OF TUBERCULOSIS 


pregnant a year later, she soon had a recru- 
descence with repeated haemoptyses. She 
went to term, gave birth with difficulty to a 
girl and died suddenly a month later. 
Second Generation: The child, immediately 
separated from its mother, had had a sepa- 
rate room from birth and was nursed by a 
robust wet-nurse selected for her good 
health. She developed normally, was 
weaned at eighteen months, and was healthy 
until her fourth year. After a sojourn by 
the sea, on her return to Paris, she had a 
severe haemoptysis which was nearly fatal. 
After a few weeks she was sent to the 
Riviera, had other haemoptyses, but returned 
apparently cured. She developed normally, 
married relatively late and had two children, 
a boy and a girl. She seemed well except 
for some bilateral sciatic pains, appearing 
with the first parturition and in a more aggra- 
vated form after the second. Fifteen years 
later, following an acute attack after measles, 
the diagnosis of double “adnexitis’” was 
made. At this time there was an undulant 
fever and some night-sweats. All this sub- 
sided and her health is now excellent. Pul- 
monary roentgenographs are negative and 
the tuberculin reaction feebly positive. 
Third Generation: Of the boy, there is 
nothing noteworthy. The girl, a fine child, 
weighing 3.35 kgm. at birth (about 7 lbs. 
6 oz.), nursed six months by the mother, 
then fed on sterilized milk, was brought up 


by an Englishwoman in the cult of health . 


and sports, protected from every servant or 
teacher suspected of tuberculosis. She 
developed wonderfully and was more robust 
than children of her age. She went to 
school between the ages of twelve and sixteen 
years, contracting measles mildly at fifteen. 
From that time her health altered, she 
showed less resistance to fatigue and slight 
infections, and lost 5 kgm. in weight follow- 
ing a streptococcus dermatitis. Several 
months later, after an icteric attack with 
fever, she had a slight haemoptysis; then a 
right-sided pleurisy with lymphocytic sero- 
fibrinous exudate appeared, of which she 
was cured in about a month, leaving 
slight costophrenic adhesions. Fluoroscopy 
showed in the right subclavicular region, in 
the pulmonary field, an opacity about the 
size of a nut. The young girl was sent to 
a heliotherapy station, dusty and little 
sheltered from winds. Three months later 
she had a considerable haemoptysis followed 
by fever. She was then sent to the moun- 
tains, where she improved and the sputum 
disappeared. After six months she was 
apyretic and showed no abnormal stetho- 
scopic signs, while roentgenographs showed 
progressive disappearance of the intra- 
pulmonary nodule. Her cutaneous tuber- 


culin reaction was intense. Discussion: A 
careful investigation revealed no possibility 
of direct personal contact with infection in 
the last two generations. In the second, 
the child was immediately removed from 
her mother and in the case of the third the 
mother was cured at the time of birth and 
never had any sputum. It thus seems that 
the grandmother, suffering from generalized 
tuberculosis, transmitted the virus to her 
daughter wa the placental route, and that 
this also occurred in the last case, strength- 
ened by the existence of pelvic lesions. 
The tuberculous “adnexitis” was doubtless 
able to infect the second child by the pla- 
cental route, the first escaping. Again, the 
so called ‘“‘hereditary predisposition” is 
found to coincide with blood-grouping in 
the second and third generations: the 
daughter and granddaughter were of group 
II, possessing agglutinogen A, while the male 
members belonged to group IV, without 
agglutinogens. These findings support those 
of de la Riviére and Kossovitch, who em- 
phasized the frequency of AB agglutinogens 
(group I) and secondarily of A (group IT) 
in the haemoptoic tuberculous. If thereisa 
parallel between blood-group heredity and 
antiinfectious immunity, transmitted by 
Mendelian laws, we have the possibility of a 
constitutional serological immunity or the 
reverse. Despite these considerations, anti- 
tuberculosis measures should not be aban- 
doned or neglected; we merely have an addi- 
tional mode of transmission to be con- 
sidered.—Trois générations de tuberculose 
hémoptoique. Hérédité du virus. Heérédité 
sanguine, J. Troisier, Rev. d. l. Tuberc., 
August, 1928, ix, 554.—(A. P.) 


Insidious and Acute Tuberculosis.— 
For the successful combating of clinical 
tuberculosis, it is necessary that we learn to 
recognize the signs of its early appearance. 
In many instances which are considered 
insidious the acute phase, lasting perhaps 
only a few days, has been overlooked. Also, 
in many instances which seem to be acute a 
previous insidious phase has been unrecog- 
nized. One cannot think of clinical tubercu- 
losis except in terms of allergy, since symp- 
toms, pathological changes, variations in the 
course of the disease, healing or death depend 
on the presence or absence of allergy, and on 
its severity. In order to make an early 
diagnosis it is necessary to be able to recog- 
nize the earliest manifestations of allergy 
that result from any given active infection. 
The response differs according to the nature, 
number of infecting tubercle bacilli, site of 
inoculation, and ability of the host to 
respond. The onset of tuberculosis is 
insidious in those instances in which the 
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numbers of infecting bacilli are too large to 
be rendered harmless or destroyed by the 
individual, and yet not large enough to play 
heavily on his specific protective mechanism 
and cause a marked immunity response. 
Symptoms in such cases are variable. The 
early allergic reaction is slight. Enough 
toxin may gain access to the circulation in 
susceptible individuals to produce a low 
grade toxaemia, with slight fever, tiredness, 
nervous instability and loss of usual vigor, 
of appetite and of a few pounds’ weight, 
with little or no cough. Pleurisy or haemop- 
tysis is a fortunate occurrence in such cases, 
enabling a definite diagnosis. There is not 
likely to be sputum, and bacilli must not be 
expected. The roentgenograph at first may 
reveal nothing distinctive, because of the 
mildness of the exudative reaction. A 
marked reaction to tuberculin adds positive 
evidence. In many such patients symptoms 
become more apparent later. A safe rule is 
to keep all such cases under close observation 
until they are restored to normal health. 
This insidious picture is seen most often in 
patients who possess unstable psychic, nerv- 
ous and endocrine balance, and for this 
reason also diagnosis is most difficult yet 
most important, for, because of the lowered 
physiological plane on which these patients 
live, they do not overcome extensive lesions 
as readily as the more robust. No definite 
course is followed after the onset of the 
disease in these insidious cases. Frank 
disease may develop shortly, or there may be 
an arrest of symptoms for months or years. 
When tuberculosis is of acute onset, for the 
safety of the individual it should be recog- 
nized at once, for it is the result of a rela- 
tively large reinoculation. The acute onset 
may follow other acute infections, or other 
stresses which lower the patient’s resistance 
for the time. Two things may happen. If 
the bacilli become activated and immunity 
is not greatly depressed, marked allergic 
reaction with frank symptoms may occur 
within a few hours ordays. If immunity is 
greatly depressed the bacilli may become 
pathogenic and be implanted widely in new 
tissues before the host reacts with the usual 
syndromes of toxic, reflex and local phe- 
nomena. The resultant group of symptoms, 
increased temperature, malaise, nervous in- 
stability, loss of strength, lack of appetite, 
and poor digestion, cannot be differentiated 
from any other acute infection, but the 
cough and expectoration should direct atten- 
tion to the lungs. Repeated examinations 
of the sputum are often necessary in such 
cases. Sometimes this early acute onset is 
followed by a prolonged quiescence; at 
other times, by a periodic repetition. Even 
when quiescence occurs, however, reflex 
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symptoms practically always remain, and 
some of the local symptoms show muscle 
tension and lagging of the side to best ad- 
vantage. Roentgenological evidence is 
usually present, with localized rales during 
the acuteness of the attack— Tuberculosis 
of Insidious Onset and of Acute Onset: 
Necessity of Different Diagnostic Criteria, 
F. M. Pottenger, J. Am. M. Ass., December 7, 
1929, xciti, 1801—(G. L. L.) 


Sign of Early Pulmonary Tubercu- 
losis.—The physical and roentgenological 
findings in pulmonary tuberculosis are due to 
the fact that the tuberculous process alters 
the blood and the air-content of the affected 
part. If these alterations remain below a 
certain level, they produce no demonstrable 
changes. If one could, in such cases, in- 
crease artificially the alterations present, it 
may be possible to produce the physical 
signs indicative of the existing lesion. 
Lesions of such minimal nature occur ap- 
parently quite often in the vicinity of the 
hilar lymph nodes. When the patient is 
lying on his affected side, the hilar region of 
the homolateral side will contain less air 
and more blood than in erect posture. The 
breath-sounds, even in a normal person, 
become sharper on the side upon which he is 
lying. In patients with a minimal and not 
demonstrable lesion in the hilar region, 
rales may be produced by the simple change 
in posture. The same phenomenon could 
be elicited in patients with bronchitis, in 
some convalescing from pneumonia, and in 
one case of pulmonary tumor. The differ- 
ential diagnosis must depend chiefly on the 
history of the patient. The examination in 
lateral posture is especially recommended 
for the examination of the contralateral lung 
when pneumothorax therapy is considered 
and depends on the absence of lesions in the 
other lung.—Ein nicht beachtetes und nicht 
gewertetes auskultatorisches Zeichen begin- 
nender Lungentuberkulose, M. Sihle, Wien. 
klin. Wehnschr., May 2, 1929, xiii, 609.— 
(M. P.) 


Ineipiency of Pulmonary Tuberculo- 
sis.—Interesting studies on normal and 
febrile temperatures are reported. It is 
pointed out that there may be marked 
differences in the normal within wide ranges. 
Normal temperatures were not influenced in 
healthy strong soldiers by 1.5 gm. pyramidon. 
While definite pathological temperatures 
were influenced by pyramidon, doubtful 
subfebrile cases behaved like healthy indi- 
viduals. The author reports certain cases 
which were observed over a period of 12 
years and which persistently remained sub- 
febrile and healthy. The author evaluates 
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physical-examination methods and approves 
of refinement of method and the importance 
of a good roentgen picture. He recognizes 
in the early infiltration the actual clinical 
first lesions of pulmonary tuberculosis, and 
gives a clinical picture and the development 
of the early infiltrate. The value of collapse 
therapy in this type of tuberculosis is con- 
sidered. Issue is taken with the morpho- 
logical differentiation of tuberculous tissue 
changes into exudative and productive 
according to Aschoff.— Beitrag zur Neuori- 
entierung wiber den Beginn der Lungen- 
schwindsucht, J. Hollo, Beitr. 2. klin. d. 
Tuberk., 1928, lxix, 148—(H. J. C.) 


Symptoms and Signs in Early Diag- 
nosis.—The most common symptoms in 
fairly early pulmonary tuberculosis are lack 
of strength and energy, evening fever, and 
perhaps cough and loss of weight. Condi- 
tions and infections other than pulmonary 
tuberculosis may give rise to similar symp- 
toms. Under such causes may be mentioned 
tobacco poisoning, overwork and overplay, 
infected tonsils or sinuses, chronic appendi- 
citis, chronic tubal infection in women, 
early carcinoma, and early hyperthyroidism. 
Of special importance in the early diagnosis 
and prognosis of pulmonary tuberculosis is 
observation of the pulse-rate and the occur- 
rence of haemoptysis. Other causes of 
blood-spitting should always be kept in 
mind. Among other signs, the resistance of 
the muscles over the apex posteriorly and 
local tenderness are mentioned as being sig- 
nificant. X-ray examination of the chest is 
considered only as complementary to the 
physical examination. It should also always 
be remembered that many agents besides 
the tubercle bacillus may cause fibrosis and 
sometimes cavity-formation. A careful 
assessment of all symptoms and signs should 
be made and due consideration given to the 
history before making a diagnosis.—Some 
Observations on the Assessment of the Value 
of Certain Symptoms and Signs in the 
Diagnosis of Early Tuberculous Infection, 
W. Stobie, Brit. J. Tuberc., July, 1929, xxiii, 
128.—(H. McL. R.) 


Early Diagnosis of Pulmonary Tuber- 
culosis.—Roentgen examination is the only 
method available for detecting early pul- 
monary lesions, which are frequently deep- 
seated and discrete. When rales can be 
heard in a lung or, as a rule, when haemop- 
tysis or pleurisy or cough has developed, the 
lesions are advanced. The early lesions are 
not usually accompanied by marked symp- 
toms. Further progress in eradicating 
tuberculosis depends to a large degree on 
routine roentgen examinations of all young 


adults, especially those who give a bad 
family history. In apical lesions ambi- 
dextrous percussion should be employed. 
Change in vocal resonance is best deter- 
mined by applying the backs of the fingers 
to the chest. In auscultation a sharp cough 
at the end of expiration is necessary to bring 
out the rales clearly. Careful history taking 
is of the greatest importance. Suspected 
patients should be placed at rest for at least 
ten days, while the temperature and pulse 
are carefully studied. Sputum specimens 
should be submitted to competent labora- 
tories. If sputum and roentgenographs are 
both negative, such conditions as the follow- 
ing should be considered in differential 
diagnosis: Accessory sinus disease with 
bronchitis, hyperthyroidism, intestinal para- 
sites, chronic tonsillitis, aspergillosis, strepto- 
thrix. After a diagnosis, the patient should 
be put to bed for an indefinite period, 
preferably in a sanatorium, the latter being 
necessary for education, and isolation from 
children. Little difference in the results of 
sanatorium treatment can be noted in the 
varying climates of the different states. 
Patients without ample means should not be 
directed to climatic resorts. The morale 
and hope of the patients must be maintained, 
and the rest regimen must be continued for 
many months after all symptoms such as 
cough and fever have subsided. Pneumo- 
thorax, phrenicectomy and surgical collapse 
are not usually matters of early care, and 
should be passed upon only by the most 
competent tuberculosis specialists. Two or 
three years of the most careful observation 
are necessary in all patients, including those 
who have had pleurisy with effusion.— The 
Early Diagnosis and Early Care of Pul- 
monary Tuberculosis, G. B. Webb, J. Am. 
M. Ass., June 1, 1929, xcii, 1811.—(G. L. L.) 


Diagnostie Aids in Pulmonary Tuber- 
culosis.—In an attempt to discover to what 
extent important diagnostic aids were 
utilized by physicians in making their 
diagnosis before admission of the patient to a 
sanatorium, the histories of 1,499 patients 
were carefully analyzed. It was found that 
1,079, or 72 per cent, had their clothing re- 
moved before examination of the chest for 
the first time, and that, through repeated 
examinations, only 11 men and 21 women 
had been examined without this aid at the 
time of admission to the sanatorium. Of 
this group 21 had far-advanced and 3 
minimal tuberculosis. The use of the 
stethoscope was more general than the prac- 
tice of removing the clothes, 80 per cent of 
the men and 82 per cent of the women being 
thus examined during the first consultation. 
At admission, only 10 had not had such an 
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examination. Listening to chest sounds 
With the ear alone was practised in only 
30 per cent of the patients, and 60 physicians 
who used this method did not use a stetho- 
scope in addition. It would seem that the 
importance of auscultation following a slight 
cough is not appreciated generally, for only 
846 were asked to cough by the first physi- 
cian consulted, about 56 per cent of the 
total. The sputum of 1,004 patients was 
examined by some physician, 558 for the 
first, 267 for the second and 120 for the 
third, the men predominating. Tempera- 
ture records of varying value were kept for 
39 per cent of the patients, 45 per cent of 
the women and 33 per cent of the men. 
They comprised 34 per cent of those with 
minimal tuberculosis at admission, 42 per 
cent of moderately advanced and 38 per cent 
of those with far-advanced disease. Little 
attention was paid to weight records, only 
334, or 22 per cent of the group, having been 
weighed with any regularity, the women pre- 
dominating. In spite of the expense and 
inconvenience, 62.8 per cent of all had been 
roentgenographed, in 70 per cent of the 
minimal, 63 per cent of the moderately 
advanced and 60 per cent of the far-advanced 
cases. Of the 200 physicians who did not go 
beyond the taking of a history, it is sig- 
nificant that 189 did not make a diagnosis of 
tuberculosis. Correlation of the various 
aids used in numerous combinations by all 
the examining physicians, with the approxi- 
mate number of diagnoses made, seems to 
indicate that the patient who has tubercu- 
losis has little chance for a correct diagnosis 
unless the physician he consults employs a 
number of aids in arriving at the diagnosis.— 
The Utilization of Certain Diagnostic Aids 
of Special Value in Determining Tubercu- 
losis, L. R. Williams and A.M. Hill, J. Am. 

. Ass., June 15, 1929, xcit, 1989.— 
(G. L. L.) 


Diagnosis of Activity of Tuberculosis. 
~—The tuberculin test has made it easy to 
determine whether or not a child has been 
infected with tuberculosis. To determine 
the activity of such infection, recourse must 
be had to clinical, radiological and laboratory 
examinations. Frequent observation, in- 
cluding that of temperature, pulse and 
physical signs will constitute perhaps the 
most reliable method of determining whether 
or not a child with a positive tuberculin 
reaction is suffering from an active infection. 
Many X-ray illustrations are given, indi- 
cating various degrees of tuberculous activ- 
ity, but the importance of not relying entirely 
on this or any other single method of 
examination is stressed. Six laboratory tests 


are discussed: (1) determination of the 
serum-globulin and albumin; (2) serum- 
flocculation reaction, on mixing with in- 
creasing quantities of ammonium-sulphate 
solution; (3) speed of sedimentation of 
chromocytes; (4) blood-count, including 
study of the nuclei of the granular neutro- 
philes; (5) study of staining properties of 
neutrophiles in acid medium; and (6) com- 
plement-fixation reaction. The author be- 
lieves that the only advantage of any of the 
laboratory procedures (particularly the 
globulin determination) is as a delicate check 
on the accuracy of the clinical findings.— 
Le diagnostic de l’activité de la tuberculose, 
E. Gorter, Rev. Frangaise de Pédiatr., Feb- 
ruary, 1929, v, 1—(P. J. W.) 


Diagnostie Errors in Pulmonary Dis- 
ease.—Pulmonary tumors are frequently 
difficult to diagnose; they may be mistaken 
for pulmonary tuberculosis, or a mediastinal 
tumor may simulate a pulmonary new 
growth. The diagnostic difficulties are 
particularly great in coexisting effusions; 
removal of the fluid and institution of a 
pneumothorax may clear up the diagnosis. 
Substernal goitres, interlobar effusions, 
lymphogranulomatoses, aneurysms, echino- 
coccal cysts may all be mistaken for bronchial 
tumors. The diagnosis “bronchitis’’ may be 
made erroneously in the presence of pul- 
monary tuberculosis, influenza, typhoid 
fever, sepsis and circulatory disturbances. 
One should be very sparing with the diagno- 
sis of “febrile bronchitis,” especially when 
it is of longer duration, or when the sputum 
is purulent. Lobar pneumonia is usually 
easily diagnosed, but pneumonias in the 
upper lobe are sometimes mistaken for tuber- 
culosis. Exudative pleuritis may be diag- 
nosed as pneumonia, if loud bronchial 
breathing is heard over the effusion. The 
correct diagnosis is frequently missed when 
the fluid is atypically localized, such as in 
interlobar pleuritis. This mistake is of 
importance, if the effusions are purulent; 
they may be associated with encapsulated 
serous effusions. Exudates may be over- 
looked after a probatory puncture did not 
produce any fluid, because the needle was 
plugged by a fibrin clot. An exudate may 
be obscured by a thick fibrous pleura or by a 
pleural tumor. Dry pleuritis and adhesions 
are frequently impossible to diagnose. Pneu- 
mothorax is easy to recognize if one thinks 
of this possibility, but if very little air is 
present the characteristic signs and symp- 
toms may be absent and even the roentgeno- 
logical evidence may be lacking. An ex- 
tensive destructive pulmonary process can 
easily be mistaken for a pyopneumothorax.— 


i 
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Héaufige Fehldiagnosen in der Lungendiag- 
nostik, L. Petschacher, Wien. klin. Wehnschr., 
May 16, 1929, xlit, 687.—(M. P.) 


Failure to Diagnose Tuberculosis.— 
The author stresses the fact that the failure 
to diagnose tuberculosis is due to the in- 
sufficiently known view that tuberculosis is 
a disease of the entire body and is not alone 
to be identified with the lungs. The greater 
importance of biological reactions is stressed. 
As differential diagnostic possibilities are 
pointed out carcinoma of the bronchi, 
syphilis, chronic bronchitis, pneumococcus 
sepsis, the early stages of lymphogranuloma- 
tosis, sarcoma, substernal struma and 
mediastinal tumor. Also in the realm of 
conditions with meningeal symptoms, such 
as typhoid and paratyphoid fever, etc., 
tuberculosis should be given consideration.— 
Wichtige Faktoren bei der Fehldiagnose der 
Tuberkulose, A. Marberger, Zeitschr. f. 
Tuberk., 1928, li, 440.—(H. J. C.) 


Conditions Simulating Pulmonary 
Tuberculosis.—Chronic conditions which 
may simulate pulmonary tuberculosis are 
tabulated. In difficult cases, a careful his- 
tory, an exhaustive bacteriological investiga- 
tion, lipiodol injections, X-ray examinations, 
and bronchoscopic examinations are indi- 
cated.—Conditions Simulating Pulmonary 
Tuberculosis, F. G. Chandler, Brit. M. J., 
October 19, 1929, no. 3589, 706.—(W. I. W.) 


Observations on Tuberculosis.—The 
importance of family history, clinical notes, 
mode of onset, conjugal status, and some 
standards of diagnosis in pulmonary tuber- 
culosis are discussed.— Tuberculosis—Some 
Observations and Reflections, W. H. Dickin- 
son, Tubercle, September, 1929, x, 545.— 
(W. I. W.) 


Demonstration of Tubercle Bacilli in 
Histological Sections.—Thick sections, 
25-36 micra, are cut from tissue embedded 
either in celloidin or in paraffine. The em- 
bedding material is removed in the usual 
way. The sections are kept in carbol- 
fuchsin solution at incubator temperature 
for four to five hours. Then they are 
thoroughly washed in water, and immersed 
in a 10 per cent sulphuric acid solution for 
1 minute; this is repeated two or three times 
and is followed again by thorough washing 
in water. The tissue is transferred into 96 
per cent alcohol; every half-minute fresh 
alcohol is used; three to four changes are 
necessary, leaving the sections one-half 
minute in each change of alcohol. After 
this the sections are rinsed in distilled water 
and are put on slides; here, they are dried 
with filter paper. The following solution, 


freshly prepared, is used for final decoloriza- 
tion: 0.2 sodium hyposulphite plus 2 cc. 
distilled water plus 4 cc. 96 per cent alcohol. 
The sections are covered with this solution 
for a few minutes until the fuchsin color has 
completely disappeared. This procedure is 
done immediately before the slides are to be 
examined, because it may decolorize the 
bacilli after some time. The sections are 
dried again with filter paper, they are rinsed 
repeatedly with alcohol, and then several 
times with xylol, and finally imbedded in 
canada balsam. By this method, many 
more tubercle bacilli could be detected 
than by the usual histologic methods.— 
Eine neue Methode der Tuberkelbazillenfar- 
bung in dicken Gewebsschnitten, A. Osol, 
Centrbl. f. allg. Pathol. u. pathol. Anat., 
June 10, 1929, xlv, 319.—(M. P.) 


Microscopie Determination of Tuber- 
cle Bacilli.—Comparative tests for tubercle 
bacilli were performed according to Ziehl- 
Neelsen’s method, the methods of Konrich, 
Schulte-Tigges, and according to Bender, a 
modification of Spengler’s method: 338 speci- 
mens were examined of which 53 were 
positive, and of these 48 by Ziehl-Neelsen, 
50 by Bender, and 53 by Konrich and 
Schulte-Tigges. The lower findings by 
Ziehl-Neelsen’s method were attributed to 
the decolorization and partly to the use of 
methylene-blue as counterstain while the 
advantage of the other three methods ap- 
pears to lie in the use of sodium sulphite for 
decolorizing and malachite green or picric 
acid as contrast stain. A test of antiformin 
as enriching medium on 149 specimens 
yielded 96.6 by antiformin and 89.7 per 
cent by the ordinary procedures.—U ber den 
mikroskopischen Tuberkelbacillennachweis, 
Kapeller, Centralbl. f. Bakt. I. Orig., 1928, 
7—(H. J. C.) 


Ziehl-Neelsen Method Preferred.—In 
tests, using a number of methods on sputum 
from patients, smears from organs of cattle, 
swine and guinea pigs, the author found the 
Ziehl-Neelsen method entirely satisfactory 
qualitatively and quantitatively. Its ad- 
vantages lie in the satisfactory morphological 
picture as well as the entire absence of stain 
precipitates. It is pointed out that there 
may be forms which will not stain by the 
Ziehl method and may, however, according 
to Much’s procedure.—Untersuchungen tiber 
das Verhalten von Tuberkelbacillen bet den 
Darstellungsmethoden nach Ziehl- Neelsen und 
Much (nebst Bemerkungen hierzu von L. 
Lange), K. Hagedorn, Beitr. z. Klin. d. 
Tuberk., 1928, lxix, 166—(H. J. C.) 


Diagnostic Culture of Tubercle 
Bacilli.—Further observations have con- 
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firmed the previous findings demonstrating 
the efficiency of the new culture method in 
diagnosis as compared with the method that 
employs animal inoculation. The earlier 
observation that crystal violet, when incor- 
porated in a medium of mashed potatoes and 
agar, exerted a deleterious effect on the 
growth of tubercle bacilli was confirmed on 
more extensive study. For growing pure 
transplants, however, the following medium 
is advised: Mashed autoclaved potato, 25 
per cent; glycerol, 2.5 per cent; agar-agar, 
1.5 per cent; and distilled water, 71 per cent 
(all by weight). Note was made in earlier 
reports that the broth added to the potato- 
cylinder medium played a more or less 
indifferent réle in promoting the growth of 
tubercle bacilli in this medium. Further 
study has shown that this can be replaced 
with 6 per cent glycerol-water without any 
loss of efficiency. The technique for the 
isolation and detection of tubercle bacilli by 
the sulphuric-acid-potato medium method is 
as follows: One cubic centimetre of sus- 
pected material is beaten to a homogeneous 
pulp and introduced into a sterile centrifuge 
tube of 15-cc. capacity with 1 cc. of 6 per 
cent sulphuric acid and mixed. After in- 
cubation at 37°C. for thirty minutes, the 
contents of the tube are mixed with about 
10 cc. of sterile 0.9 per cent salt solution and 
centrifugated. The residue, after the super- 
natant fluid has been decanted, is seeded 
on the surface of the glycerol-water-crystal 
violet-potato cylinder medium, the culture 
tube being capped with tinfoil after the 
cotton plug has been lightly impregnated 
with hot paraffine to prevent drying out of the 
medium. The medium is prepared by 
placing 1.5 cc. of 6 per cent aqueous solution 
of glycerol in a sterile tube, 6 inches by 
three-fourths of an inch in size, in which has 
been inserted the crystal-violet-potato cy- 
linder, about 3 inches long and five-eighths 
of an inch in diameter. The latter is made 
by soaking a clean potato cylinder, halved 
longitudinally, in a freshly mixed 0.0015 per 
cent standard crystal violet in 1 per cent 
sodium-carbonate solution (prepared from 
the pure anhydrous salt). The entire me- 
dium is sterilized in an autoclave at 15 pounds’ 
pressure for thirty minutes. Excessive or 
prolonged heating of the medium during 
sterilization is to be avoided. The culture 
tubes should be incubated in the dark, with 
due precaution being taken to avoid drying 
of the medium or contamination. A luxuri- 
ant growth should occur on this medium 
within from two to six weeks, but if the cul- 
ture is negative the tubes should not be dis- 
carded for diagnostic purposes until after 
three months’ observation at incubator tem- 
perature. Summary: In the sulphuric-acid- 
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potato culture method for the diagnosis of 
tuberculosis 6 per cent glycerol-water can 
be used to replace 5 per cent glycerol-broth 
previously recommended for the preparation 
of the crystal-violet-potato cylinder medium. 
This simplifies the preparation of the culture 
medium used in this new diagnostic method. 
Human and bovine tubercle bacilli grow with 
equal facility when present in small numbers 
in tuberculous materials on the crystal- 
violet-potato cylinder medium with glycerol- 
water in the absence of broth—A Simple 
Glycerol Water Crystal Violet Potato Cylinder 
Medium for Diagnostic Cultures of Tubercle 
Bacilli, H. J. Corper and N. Uvyei, Arch. 
Path., May, 1929, vii, 835.—(F. G. P.) 


Cultivation of Tubercle Bacillii—The 
author prefers the method of Petragnan for 
the cultivation of tubercle bacilli as possess- 
ing advantages over the methods of Petroff, 
Lubenau, and Hohn. In place of the original 
10 per cent sulphuric acid the author uses a 
10 per cent hydrochloric-acid solution. The 
malachite-green in the medium is intended to 
inhibit the growth of other bacteria without 
having any influence on the_ tubercle 
bacilli—Zur Frage der Reinziichtung der 
Tuberkelbacillen, Stefania Lichtenstein, Cen- 
tralbl. f. Bakt. I. Orig., 1928, xviii, 239.— 
J. C.) 


Cultivation of Tubercle Bacilli from 
Negative Sputum.—This is an additional 
report to that originally made in 1925 in 
which tubercle bacilli were grown directly 
in sputum to which had been added a 
glycerine-glucose solution. By this proce- 
dure the bacilli were found in 33 per cent of 
cases Turban II and in 8 per cent of Turban 
I cases. The positive findings occurred 
mainly prior to three days. It is believed 
that the tubercle bacilli completely disap- 
pear, with hydrolysis of the sputum, at a 
later date and cannot be found even by 
animal inoculation, while the addition of the 
nutrient solution and incubation causes a 
rejuvenation. The glycerine-glucose sputum 
mixture added to tissues causes a rapid 
multiplication of the bacilli. Acid-fast 
saprophytes will also grow by this method.— 
Zur Frage der Ziichtung der Tuberkelbacillen 
im negativen Auswurfe, I. Schiller, Centralbl. 
f. Bakt. I. Orig., 1928, cviti, 1—(H. J. C.) 


Culture Method of Hohn.—The author 
used the method of Hohn on 100 sputa 
and obtained 20 positive findings in pre- 
viously negative cases. It is maintained that 
the culture procedure is superior to the 
microscopic determination of tubercle bacilli. 
The simplicity and practicability of the 
method exceeds that of animal injection and 
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it is suggested by the author that this 
method is preferable in examining for 
tubercle bacilli—Das Kulturverfahren nach 
Hohn—ein Fortschritt im Bacillennachweis 

Lungentuberkulose, 
Tuberk., 


W. Roloff, 
153.— 


bez der 
Zeitschr. 
CHET SC, 


1928, lii, 


Complement Fixation in Tuberculo- 
sis.—As the result of an examination of 109 
recruits there was found to be a definite 
relation between the positive Besredka reac- 
tion and the presence of tuberculous foci. 
It appears that long after the resolution of 
the tuberculous process serological blood 
changes still exist. In opposition to other 
authors it was found that there was no rela- 
tion between a positive reaction and the 
activation of the process or premonitory 
serum changes that were of practical sig- 
nificance.—Prdmonitorische Serumreaktionen 
bei anscheinend tuberkulosefreien Rekruten, 
W E. Hilgers and Sachs-M: wae: Zeitschr. f. 
Tuberk., 1928, li, 468 —(H. J. C.) 


Complement Fixation in Tuberculo- 
sis.—The author reports an improvement in 
the use of the complement-fixation reaction 
with the antigen B of Wassermann and the 
Neuberg-Klopstock antigen prepared from 


nonacid-fast bacilli grown on saponin cul- 
tures. Clinically the higher incidence of 
findings is not considered of great value, 
since markedly positive reactions are found 
only in the advanced stages and a negative 
or mild reaction is of no significance.— 
Zur Komplementhindungsreaktion bet Tuber- 
kulose, M. Stein and M. Schachwuwarly, 
Beitr. z. Klin. d. Tuberk., 1928, lux, 408.— 


Complement Fixation in Tuberculo- 
sis.—An examination of 300 sera revealed 
that a positive outcome with the Neuberg- 
Klopstock method did not definitely estab- 
lish the diagnosis of tuberculosis. A differ- 
entiation of active from inactive forms was 
not possible with this test and the grade of 
the reaction does not parallel the severity of 
the process. A higher specific value was 
obtained with the Lehmann-Facius- 
Loeschcke technique, which especially re- 
vealed a higher percentage of negative reac- 
tions in individuals free from tuberculosis.— 
Uber die wichtigsten Seroreaktionen auf aktive 
Tuberkulose mit praktischen Ergebnissen der 
Reaktionen nach Neuberg-Klopstock und 
Lehmann-Facius und Loeschcke, K. Behnke, 
Beitr. 2. Klin. d. Tuberk., 1928, lux, 759.— 
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Besredka’s Reaction in Practical 
Work.—The results of complement fixation 
with Besredka antigen on 1167 patients are 
reported. A total of 330 patients reacted 
positively. In 143 of them tuberculosis was 
determined or they were definitely suspected 
of tuberculosis. In the remaining 187 posi- 
tive cases there were no indications of clinical 
tuberculosis. Out of the total of 1167 
patients, 291 had clinical tuberculosis or 
were definitely suspected of tuberculosis; 
one hundred and forty-eight of these had a 
negative Besredka reaction. There were 78 
active cases of tuberculosis in all of which 
tubercle bacilli had been demonstrable, but 
only 48 of them had a positive Besredka 
reaction. Only 9 of the patients who had a 
positive Besredka reaction, but not demon- 
strable tuberculosis, had a positive Wasser- 
mann reaction. There was no parallelism 
between complement fixation, temperature 
and sedimentation reaction. The author 
concludes that the Besredka reaction is of 
definite clinical value—Dzie Verwertbarkeit 
der Tuberkulosereaktion nach Besredka in 
der Praxis, A. Grumbach and A. J. Werner, 
Klin. Wehnschr., May 28, 1929, xii, 1022.— 
(M. P.) 


Costa Reaction.—The Costa reaction, 
which originated as a diagnosis for 
pregnancy, consists in placing 1.5 cc. of 2 
per cent novocain solution in a centrifuge 
tube, to which is added 3 drops of a 5 per 
cent sodium-citrate solution, and to this 
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mixture is then added 3 drops of blood taken 
from the finger, and to the separated cen- 
trifugate one drop of a concentrated formalin 
solution. A turbidity occurring within 8 
minutes is considered a positive reaction. 
Of 282 cavity cases of tuberculosis 91.8 per 
cent gave a positive reaction. The advantage 
noted for the reaction is the fact that it 
occurs independent of menstruation.—Uber 
den Wert der Costa-Reaktion zum Nachweis 
aktiver Tuberkulose, Margarethe Trojan and 
F. Pongor, Zeitschr. f. Tuberk., 1928, 
lit, 209.—( H. J. C.) 


Serum Flocculation Test.—The differ- 
ence between the new method described by 
Daranyi and the original method given by 
him consists in heating the mixtures at 62°- 
63° instead of at 60°, and in a simplification 
of the readings which are divided into four 
classes. Daranyi maintains that his method 
has both technical and other advantages over 
those described by other authors. Testing of 
the serum flocculation (lability) is a constant 
index of tissue destruction and activity in 
tuberculosis—Die Bestimmung Be- 
deutung der Erhihung der Serum-flockbarkeit 
(Labilitat) bet Tuberkulose, J. von Daranyi, 
Beitr. z. Klin. d. Tuberk., 1928, lxix, 558.— 
(2. 


Vernes Test in Tuberculosis.—Pierret 
and Breton, in a previous work, demon- 
strated the value of this test in the sero- 
logical study of tuberculosis. From 217 
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seroflocculation tests and 211 complement- 
fixation reactions on 172 subjects, of whom 
117 had pulmonary tuberculosis, they con- 
cluded: (1) the Vernes reaction possesses 
high diagnostic value in tuberculosis, and 
(2) it is more sensitive than the complement- 
fixation reaction. Another impression was 
formed that in most cases the optical index 
approached or receded from 30 according to 
whether the patients were improving or the 
reverse. Causes of error due to acute infec- 
tions were pointed out, also the advisability 
of avoiding taking the blood during the 
digestive period and of always performing the 
reaction within twenty-four hours after 
taking it. The present work consists of a 
series of Vernes reactions done on 22 patients 
with pulmonary tuberculosis of some stand- 
ing and were performed at Grysez’s labora- 
tory at the Institut Pasteur at Lille. The 
concordant work of other authors (Leger, 
Paillard, and Courmont, Gaté and Schoen) 
is also cited, most of whom found the reac- 
tion generally in agreement with the clinical 
progress. Case histories are given in detail 
by Pierret and Breton. In summary, 16 
cases showed absolute concordance between 
the clinical findings and the Vernes curve 
(72.7 per cent), 4 cases complete concordance 
(18.2 per cent) and 2 total discordance (9.1 
per cent). This seems to indicate a definite 


prognostic value of the Vernes reaction per- 
formed serially in pulmonary tuberculosis. 
This is particularly well illustrated in patients 


undergoing pneumothorax treatment. This 
curve may then be consulted just as the 
weight or temperature curve. The comple- 
ment-fixation reaction, on the other hand, 
showed in 10 out of 21 cases irregular results 
which seemed to bear less relation to the 
course of the disease. In 4 it was always 
negative; hence in two-thirds of the cases it 
could not be utilized satisfactorily in prog- 
nosis. Conclusions: 1: The seroflocculation 
curve of Vernes generally agrees, in pulmo- 
nary tuberculosis, with the clinical evolution. 
2: The Vernes resorcin test, practised in 
series, allows a curve to be plotted which 
maps the course of the disease. 3: Its 
prognostic value is limited to the immediate 
future. 4: Seroflocculation surpasses com- 
plement fixation in clinical value. In 90 
per cent of cases the curve parallels the course 
of the disease as compared with 33.3 per 
cent for complement fixation.—Contribution 
@ Pétude de la réaction de Vernes-résorcine 
dans les cas de tuberculose pulmonaire 
régulicrement suivis, R. Pierret and A. 
Breton, Rev. d. 1. Tuberc., October, 1928, 
ix, 671.—(A. P.) 


Vernes Test in Tuberculosis.—The 
principle of the test consists in the measure- 


ment of the degree of the flocculation of 
blood-serum to which an equal amount of 
1.25 per cent resorcin in double distilled 
water has been added. Vernes found that a 
figure of 30 or over signified that the serum 
came from a case of active tuberculosis, 
while readings between 15 and 30 were in 
the doubtful area, being the more suspicious 
the nearer they approach 30. Primary 
chancre, acute lobar pneumonia and ad- 
vanced cancer give false positive readings. 
The blood sera of 92 patients were tested 
with the Vernes method by the author. 
Fifty of these had positive sputum, 11 had 
definite tuberculosis with negative sputum, 
17 were suspects, and 14 had no clinical 
evidence of tuberculosis. In all the groups 
except the suspects the Vernes results cor- 
responded fairly well with the clinical find- 
ings. In the suspect group, however, the 
test was unsatisfactory. This is the group 
in which help from the laboratory is most 
needed, whereas the results were uncertain. 
It is believed, nevertheless, that the results 
are encouraging enough to warrant further 
use.— Vernes’ Photometric Test in the Diag- 
nosis and Prognosis of Tuberculosis, R. 
Jordan, Brit. J. Tuberc., April, 1929, 
xxiti, 82.—(J.S.W.) 


X-Rays in Pulmonary Tuberculosis.— 
X-ray examinations are often useful in ex- 
cluding tuberculosis, as well as for confirming 
clinical evidence which is not quite strong 
enough to be conclusive. It is essential in 
cases of initial haemoptysis, after an idio- 
pathic pleural effusion or spontaneous pneu- 
mothorax, in cases of probable laryngeal 
tuberculosis, and in some cases of nonpul- 
monary tuberculosis. It is essential before 
artificial pneumothorax treatment is com- 
menced, and at intervals during the treat- 
ment. It is often helpful on other occasions, 
especially as indicating a good prognosis in a 
case with slight symptoms and signs com- 
bined with a well-developed mottling. It is 
liable to be misleading when it shows a 
generalized mottling, or indefinite when it 
shows a homogeneous opacity, which may be 
due either to fluid or to consolidation. Every 
clinician should study the X-ray films of his 
patients, because it is only by experience that 
the significance of X-ray findings can be dis- 
covered and their help used to the best 
advantage.— The Correlation of X-ray Find- 
ings in Pulmonary Tuberculosis with the 
Symptoms and Physical Signs,G. T. Herbert, 
Tubercle, November, 1929, xi, 55.—(W.I. W.) 


X-Ray ‘‘Quality’’ Diagnosis of Pul- 
monary Tuberculosis.—The authors con- 
sider the “quality” diagnosis in pulmonary 
tuberculosis very important and _indis- 
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pensable. They point out, after careful 
studies, that the certitude of the diagnosis 
is dependent upon the quality of the roentgen 
pictures and the technique of plate reading. 
Their findings are carefully appraised on the 
basis of physical studies as well.—Unter 
welchen Voraussetzungen ist die rintgeno- 
losiche Qualitatsdiagnose der Lungentuber- 
kulose praktisch méglich? F. M. Groedel 
and R. Wachter, Beitr. z. Klin. d. Tuberk., 
1928, Ilxix, 192.—(H. J. C.) 


Fluid Level in Bronchopulmonary Dis- 
ease.—The preceding work of Mamie and 
Amard, Barjon, Mantoux and Maingot, 
Ameuille and Levesque, Sergent and Bordet, 
Giraud, and Jacob, is referred to. The 
roentgenographs of Chabaud and Thérasse 
also show the phenomenon. The roentgeno- 
graphic determination of a fluid level, ob- 
served under certain definite conditions, 
when added to an annular or lacunar shadow, 
definitely indicates pulmonary excavation or 
destruction. J: In the course of pulmonary 
tuberculosis this sign is more frequent than 
heretofore mentioned. In a group of 143 
sanatorium cases chosen at random there 
were 43 characteristic cases. It may be 
missed on ordinary fluoroscopic examination 
unless the rays are centred directly on the 
horizontal level of theshadow. An important 


point in the demonstration of any suspected 
cavity image is to centre on its lower pole. 
On inclination, the level may change quite 
slowly because of adhesion of the pus to the 


walls. 2: Such images are not by any 
means pathognomonic of tuberculosis. They 
may be seen in gangrene, abscess, and occa- 
sionally bronchiectasis. In the latter case 
Davrinche has demonstrated their nature by 
lipiodol injection. The sign described merely 
suggests an excavation somewhere in the 
bronchopulmonary system. In tuberculous 
subjects showing such images the sputum is 
invariably positive. Also, as such images 
appear or reappear or disappear, it becomes 
positive or negative. Of 32 cases carefully 
observed among the 43, the following ob- 
servations were noted: J: Eighteen were 
constantly bacillary and the cavity image 
persisted. 2: Two cases later failed to show 
the characteristic “ring” or “lacuna” and 
were intermittently bacillary. 3: Nine cases, 
treated effectively by pneumothorax, under- 
went reduction of the shadow and ceased to 
expectorate bacilli. 4: Three cases showed 
spontaneous pulmonary retraction with dis- 
appearance of sputum and of the roentgeno- 
graphic cavity image. These findings sup- 
port the opinion of Thérasse who says he has 
never seen a true pulmonary cavity without 
bacillary sputum and, vice versa, that con- 
stant emission of bacillary products con- 


stitutes the signature of a true tuberculous 
cavity. Discussion: The term déchet pul- 
monaire, Or, more exactly, alteration or 
destruction of organized tissue in the 
parenchyma, means suppuration, permanent 
or intermittent, and goes with the idea of 
progressive evolution. As long as such a 
condition persists, there is danger, and 
caution should be observed. The behavior 
of these shadows, after a lapse of months or 
years, is of primary prognostic value. Six 
excellent roentgenographs illustrate the 
paper.— Remarques a propos du “ Niveau 
liquide de déchet,” signe radiologique absolu 
dexcavation ou de cavité pathologique au 
cours des affections broncho-pulmonaires, U. 
Guinard, Section d’études scientifiques de 
POeuvre de la Tuberculose, May 12, 1928, 
reported in Rev. d. 1. Tuberc., August, 1928, 
ix, 584.—(A. P.) 


Technique of Bronchography.—It is 
unsatisfactory to use bronchographic methods 
unless in association with the bronchoscope 
so that one can really see what he is doing. 
The use of a rubber catheter armed with a 
metal, olive-like knob gives very satisfactory 
results. The instrument is placed down the 
trachea after complete (local) anaesthetiza- 
tion of trachea, bifurcation and bronchi and 
the patient then examined under the fluoro- 
scope to ascertain if the position is perfect. 
Lipiodol is then put in. The method is par- 
ticularly helpful in the diagnosis of bron- 
chiectasis. It is known that extensive 
bronchiectasis may escape our attention in 
ordinary X-ray plates, when bronchography 
shows the condition beautifully. It is in- 
dispensable if there is a question of opera- 
tion. It may be done away with, however, 
in gangrene, pulmonary abscess, etc., for 
these are detectable by ordinary means. 
Filling of tuberculous cavities is of no ad- 
vantage, and, in active tuberculosis, the 
technique is contraindicated because it may 
lead to spread of the disease. Stenosis of 
the bronchus (carcinoma, pressure from 
lymph nodes, etc.) is usually well shown by 
the method as is also pulmonary fistular 
opening. Although iodine produces no irri- 
tation, bronchographic procedures are con- 
traindicated just after pneumonia and in 
cases of idiosyncrasy to iodine. The iodine 
in the latter instance is absorbed, not from 
the lung but from the stomach and intestine 
from iodine swallowed during the operation. 
Bromine oil may be substituted in iodism. 
The only real danger in the use of bronchog- 
raphy is that from cocaine poisoning, and 
this can be controlled by proper anaesthetiza- 
tion—Zur Technik der Bronchographie, A. 
Lorey, Deutsche med. Wchnschr., March 29, 
1929, lv, 526—(H. S. W.) 
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Roentgenology of Bones.—Tuberculosis 
of the spine must be considered in the 
differentiation of osteoclastic metastasis. In 
tuberculosis, the intervertebral disk is prac- 
tically always involved; it is never involved 
in osteoclastic metastasis. The contour of 
the body is remarkably retained in metasta- 
sis; it is practically always destroyed or 
altered in tuberculosis. The spine may be 
extensively involved by metastatic car- 
cinoma of the osteoclastic type with little, 
if any, roentgenological evidence discernible. 
In syringomyelia, osteomalacia and rare 
cases of metabolic disorder of an unexplained 
type, one sees marked demineralization of the 
bone and narrowing of the anterior border of 
the vertebral body, and the decreased density 
of the bone may suggest osteoclastic me- 
tastasis. Osteochondritis in the spine may 
show fragmentation and almost complete 
destruction of the body of the vertebra with 
no alteration of the disk, that might be inter- 
preted as sarcoma in young patients— 
Roentgenographic Characteristics of Lesions 
of Bone, C. G. Sutherland, J. Am. M. Ass., 
December 28, 1929, xciti, 2024.—(G. L. L.) 


X-Ray Image of Aspiration Pneu- 
monia.—Haemorrhage into the bronchi 
does not produce a typical X-ray picture, 
but resembles a bronchopneumonia, occur- 


ring mostly in the lower lobe and also in the 


right middle lobe. Serial examinations are 
suitable in following the course of such 
aspiration pneumonias which result either 
in healing or a transition into tuberculosis. 
The roentgenograph has the advantage of 
making an earlier diagnosis than can be 
made by ordinary clinical methods— 
Blutaspirationspneumonie im Ronigenbild, 
F. Jagoda, Beitr. z. Klin. d. Tuberk., 1928, 
Ilxix, 724.—( H. J.C.) 


Artificial Pneumothorax in Diagnosis 
of Cavity.—The author believes that, 
especially in cases in which clinical symptoms 
of cavity are masked by compensatory em- 
physema, diagnostic pneumothorax can be 
of definite value and demonstrates his idea 
on 3 cases with roentgenographs.—Uber 
Verfeinerung der Kaverndiagnose mit Hilfe 
des diagnostischen Pneumothorax, Trenti, 
Beitr. 2. Klin. d. Tuberk., 1928, lxx, 420.— 
(8.7.63 


Artificial Pneumothorax in Differen- 
tial Diagnosis of Pulmonary Tumor and 
Tuberculosis.—The author reports a case 
in which the ordinary roentgen examination 
did not permit a differential diagnosis be- 
tween lung tumor and tuberculosis, but 
which was possible after the institution of an 
artificial pneumothorax and the introduction 


of 600 cc. of air—Ein Beitrag zur Differen- 
tialdiagnose Lungentumor-Tuberkulose, E. 
Schwalm, Beitr. 2. Klin. d. Tuberk., 1928, 
laviti, 667.—( H. J. C.) 


Perspiration Test for Tuberculosis.— 
The author used the perspiration of tuber- 
culous individuals for the elicitation of 
specific reactions analogous to the Wildbolz 
urine test. The perspiration was obtained 
by means of a hypodermic syringe directly 
from the axilla or from the brow of the 
patient, and after permitting the solid epider- 
mal material to settle out the solution was 
injected intracutaneously into the upper 
arm in 0.2-cc. amounts. The experiments 
were tried on auto- and heterodonors. Of 
171 tests 81.3 per cent proved theoretically 
correct. There occurred, like with the tuber- 
culin skin test, a local reaction at the site of 
injection, while genera! and focal reactions 
were absent. Positive reactions, as a rule, 
indicated an active tuberculosis of the donor 
while negative tests indicated the reverse. 
The diagnosis of an active tuberculosis in 
the perspiration donor is possible in the 
majority of moderately severe and severe 
tuberculous cases and when the perspiration 
recipient is tuberculin hypersensitive. The 
early diagnosis of active tuberculosis was 
not possible by means of the intracuta- 
neous injection of perspiration.—Jntracutane 
Schweissinjektionen und Tuberkulose, E. 
Dorn, Zeitschr. f. Tuberk., 1928, li, 134.— 
(3.4.43 


Important Complications of Pulmo- 
nary Tuberculosis.—Statistics of ten or 
fifteen years ago, which attributed 90 to 95 
per cent of haemoptyses to pulmonary tuber- 
culosis may need revision in the light 
of further knowledge, but an estimate of 80 
per cent does not seem excessive. Evidence 
is also constantly accumulating that a large 
majority of persons developing pleurisy with 
effusion do so secondarily to a primary pul- 
monary focus. The mathematical chances 
of tuberculosis being present are over- 
whelming in the case of one who has 
haemoptysis, pleurisy, fistula-in-ano, or 
transient attacks of slight hoarseness, 
even in the face of previous good health. 
Haemoptysis: The amount of bleeding has 
little bearing on the size of the lesion. The 
larger and graver haemorrhages originate 
generally from aneurysmal vessels within 
cavities. Few haemorrhages are fatal per se. 
Of 4,000 such at Norwich, Connecticut, State 
Sanatorium over sixteen years, only 10 were 
immediately fatal (0.25 per cent). A num- 
ber of deaths, however, ensued from post- 
haemorrhagic pneumonia or acute tuber- 
culous extension. The treatment, in general, 
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demands rest in a recumbent position. The 
patient’s nervous condition frequently neces- 
sitates morphine in small to moderate 
dosage, to induce quiet and relaxation. An 
ice-bag to the chest exerts a good psycho- 
logical effect. If the bowels do not move 
naturally, small doses of a saturated solution 
of magnesium sulphate, as used by Flick, 
or enemata, are recommended. Artificial 
pneumothorax in some cases exerts remark- 
able effects and should always be tried in 
persistent bleeders if the disease is fairly 
unilateral. Only cursory chest examinations 
should be made. Pleurisy: It is repeated 
that this is a secondary manifestation of a 
concealed parenchymal focus in the majority 
of cases. Too often is this fact minimized 
or overlooked. Lord states that tubercle 
bacilli are demonstrable in 25 to 85 per cent 
of effusions. Cultures may reveal them 
when absent on direct smear. The Phipps 
Institute records show that of 5,855 diag- 
nosed tuberculosis cases 23.8 per cent gave a 
history of previous pleurisy. Localized 
patches of fibrinous pleurisy are more com- 
monly observed in pulmonary tuberculosis 
than large effusions. When fluid develops, 
with the opposite lung in good condition, gas 
replacement is advised. For pain, hot ap- 
plications or strapping with moleskin plaster 
of six- or eight-inch width are advised, and 
sometimes codeine or morphine must be 
given. Pneumothorax: Although this may 
exist in as high as 10 per cent of cases coming 
to necropsy, clinically its incidence is less 
than 2 per cent. The two cardinal symp- 
toms are pain in the side, sharp and stabbing, 
and increasing dyspnoea or air hunger. Shock 
symptoms are likely to supervene. On ex- 
amination hyperresonance appears early, 
with displacement of cardiac dulness. The 
breath-sounds may be suppressed or metallic, 
and metallic tinkle and succussion splash are 
common. The coin test is pathognomonic. 
This is a grave complication and if pleural 
infection ensues usually leads rapidly to 
death. A sterile exudate may act bene- 
ficially to seal the perforation. In valvular 
cases deflation must be resorted to.— 
Complications of Tuberculosis— Haemoptysis, 
Pleurisy and Spontaneous Pneumothorax, 
H. B. Campbell, Section of Tuberculosis, 
Massachusetts Med. Soc., June 10, 1929, 
reported in New England J. M., August 
29, 1929, cci, 395. —(A. P.) 


Comparison of Tuberculous with 
Other Infections.—The author opposes the 
general view of the importance of the réle 
of allergy in the course of human tuber- 
culosis. Tertiary tuberculosis is viewed as 
a changed condition in the whole organism of 
the adult as compared to the earlier periods 


of life. The variations in general condition 
are considered as variations of the “in- 
toxication circumstance.” The disease con- 
dition during generalization is viewed as 
parallel to the same opportunity in other 
infectious conditions. Allergy does not ex- 
plain the predilection of certain organs for 
metastases. The anthracotic, fibrotic lymph- 
atic system of the adult, as compared to that 
of the child, is drawn upon in explanation of 
some of the variations. A parallelism is seen 
between the vascularization and that occur- 
ring in other septic conditions—Die tuber- 
kulose Infektion des Menschen im Vergleich 
zu den tibrigen baktertellen Infektionen des 
Menschen, LeBlanc, Beitr. z. Klin. d.Tuberk., 
1928, lxx, 357.—(H. J. C.) 


X-Ray Treatment of Tuberculous 
Iridocyelitis.—The picture of tuberculous 
iridocyclitis is reviewed by the author. The 
tuberculous nature of the eye condition was 
considered settled in the absence of other 
infectious diseases in the body, and in the 
presence of other foci either in the lungs or 
elsewhere of tuberculous nature or a focal 
reaction in the eye following subcutaneous 
tuberculin injections. Inunction cures are 
without results. Tuberculin treatment 
results favorably in only a small percentage 
of cases. Light treatment is without avail. 
During the past 7 years 170 cases were 
treated with the roentgen-ray locally, using 
20 per cent of an erythema dose and giving 
three treatments during the year. A greater 
dosage resulted harmfully with glaucoma 
and cataracts. After treatment there fre- 
quently occurred a reaction in that the eye 
became red, light-sensitive and painful, but 
this disappeared in two to three days with 
the use of atropin and warm packs. Late 
reactions occurring after 4 weeks were also 
observed. A number of the cases were very 
favorably influenced, especially the cases of 
pure nodular iritis. Younger individuals 
reacted more favorably than those over 40 
years. Cyclitisis not so favorably influenced, 
and in choroiditis the results have not been 
established. Good results were obtained in 
scleritis and in sclerokeratitis. Caution is 
urged in periphlebitis retinae—Uber Be- 
handlung der tuberkulésen Iridocyclitis mit 
Réntgenstrahlen, W. Stock, Zettschr. f. 
Tuberk., 1928, li, 122—(H. J.C.) 


Soft Palate in Pulmonary Tuberculo- 
sis.—Changes are seen in the soft palate in 
pulmonary tuberculosis, it being pale, defi- 
nitely poor in fat and generally soft in struc- 
ture. The paleness is not an index of a 
general anaemia but of an anaemia that 
predominates in certain regions of the gastro- 
intestinal tract. The sparsity in fat is seen 
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also in Recklinghausen’s disease, lympho- 
granulomatosis, and in some types of in- 
fantilism. These symptoms are found in 
chronic fibrous and also in fibrocavernous 
processes. When, however, cavernous lique- 
faction predominates or there is a miliary 
dissemination there may be an increase in 
fat. It was also noted that when there was 
an increased amount of fat in the intestine 
there was a diminished sensitiveness to tuber- 
culin. Among those poor in fat and showing 
fat-poor soft palates there occurred cardiac 
palpitation, night-sweats and increased tu- 
berculin sensitiveness.—Der weiche Gaumen 
bei der Lungentuberkulose und seine Bedeu- 
tung fiir die Frage der Tuberkulinbehandlung, 
P. Neuda, Beitr. z. Klin. d. Tuberk., 1928, 
Ixix, 433—(H. J. C.) 


Tuberculosis of Thyroid.—The most 
common form of tuberculosis of the thyroid 
is the miliary type, the tubercles being 
usually found in the stroma between or 
within the follicles. This type of involve- 


ment is not surgical, and it is not possible to 
diagnose it from clinical observations. Case- 
ous tuberculosis of the gland, while rare, is 
more common than the sclerosing type, 
beginning as a conglomeration of tubercles 
and finally caseating, the progress of the 
disease depending largely on the vascularity 


of the thyroid. Not infrequently a cold 
abscess develops, and fixation of the thyroid 
in some cases. The cervical lymphatics are 
often involved. It is a surgical condition, 
and may give rise to symptoms leading to a 
correct diagnosis. In the sclerosing type 
the thyroid is converted in part or in whole 
into fibrous tissue. Tubercle bacilli have 
not been demonstrated in the gland tissue in 
this type of lesion. Although the usual 
opinion is that a typical tuberculous his- 
tology is lacking, the authors have found 
tubercles in all cases, but no caseation or 
calcification. The most noticeable observa- 
tion is that there is an unusually large num- 
ber of giant cells in relatively small tubercles, 
with a limited round-cell response. In 
some places the fibrous tissue (the pre- 
dominant cell being chiefly of the fibroblastic 
variety) takes on neoplastic characteristics. 
The gland in gross appearance may simulate 
malignant tumor, being hard, elastic, and 
usually fixed to the surrounding tissues. 
The fibrosis may involve only one lobe. If 
extensive, the entire thyroid may be blotted 
out. If cheloid properties predominate, the 
gland may show great enlargement. Three 
cases of the sclerosing type are reported in 
women of an average age of 41 years. All 
had soreness and tenderness of a few months’ 
duration in the region of the thyroid, slightly 
elevated temperatures and accelerated pulse- 


rates. Two had lost an average of 20 pounds’ 
weight. All were nervous, and two had 
increased basal metabolic rates. No positive 
signs of tuberculosis were found elsewhere in 
any, but one had a cervical abscess scar and 
a chronic anal fistula. The operative wounds 
healed in two to four weeks, and the symp- 
toms were largely relieved. The disease is a 
destructive one and, if of long standing, may 
result in myxoedema. In the early stages 
some hyperthyroidism is likely to be present. 
The diseased tissue should be removed as 
completely as possible and the prognosis for 
local cure is excellent— Tuberculosis of the 
Thyroid Gland: Report of Cases, S. W. 
Budd and C. Williams, J. Am. M. Ass., 
May 25, 1929, xcii, 1741—(G. L. L.) 


Benzyl Cinnamic Ester in Tubercu- 
lous Laryngitis.—Seven cases of stationary 
or progressive tuberculous laryngitis were 
treated by Jacobson’s solution of “benzyl 
cinnamic ester,” injected intramuscularly 
in doses of 0.25 cc. daily for twelve days, 
followed by a rest of fifteen days. After 
three series had been given, a rest of one 
month was allowed before resuming treat- 
ment. Conclusions: Improvement of the 
laryngeal condition, in varying degree, was 
observed in all cases. In one it was slight 
and in another it was not maintained. The 
functional results corresponded, but the most 
striking feature was the disappearance of 
pain and dysphagia during the treatment. 
Remembering the severity of the cases and 
their previous failure to improve, the results 
suggest that such benefits as were obtained 
were the result of treatment. All cases re- 
mained with positive sputum at the end of 
the treatment. Improvement in the patient’s 
general condition was noteworthy in the first 
four cases. The details of the roentgeno- 
graphic changes in the lungs are not dis- 
cussed, but in the majority increased harden- 
ing of the shadows was noticed and in two 
cases there was some increase in trans- 
lucency of the lungs.— Treatment of Tuber- 
culosis by “‘Benzyl Cinnamic Ester:” Its Use 
in Laryngeal Tuberculosis, H. Gainsborough 
and P. J. Jory, Lancet, June 1, 1929, ccxvi, 
1142.—(B. T. McM.) 


Laryngeal Tuberculosis.—This is a fre- 
quent complication of pulmonary tuber- 
culosis and its presence materially darkens 
the prognosis of that disease, to which it is 
practically always secondary, only five or 
six authentic primary cases with necropsy 
findings being on record. Its incidence in 
pulmonary ‘tuberculosis is from 3 to 33 
per cent, being 15.5 per cent at Maryland 
State Tuberculosis Hospital. It is slightly 
more common in men than women, and rare 


in childhood, especially under ten years of 
age. The surface-implantation theory is 
most generally entertained, especially since 
most of the lesions occur in the posterior part 
of the larynx where sputum is most apt to 
collect and since Frankel has shown that 
bacilli may penetrate healthy epithelium 
leaving the surface intact. The loose, 
papillated character of the mucosa poste- 
riorly may also favor lodgment. Symptoms: 
These are not always proportionate to the 
extent of the lesion, and Thomson found 
about 12 per cent of 477 cases to have no 
throat symptoms. Voice changes usually 
appear earliest, such as low pitch, ease of 
tire, hollowness of timbre. Paraesthesias 
and general throat discomfort are common, 
together with frequent attempts to clear by 
coughing. Pain and tenderness are unusual 
unless there is perichondritis. Dyspha- 
gia occurs in one-third of fatal cases 
(Mackenzie). Prognosis: The prognosis in 
multiple lesions is unfavorable, in single ones 
favorable. The mortality from pulmonary 
tuberculosis, however, is doubled in the 
presence of this complication (Thomson). 
Treatment: Vocal rest is essential and forced 
whisper is often worse than speaking in a 
low voice. It is better for the patient to be 
instructed to write. Ulcerations are best 
treated with the galvanic cautery, the bene- 
ficial effect of which is due to hypervas- 
cularization rather than destruction. Mild 
cases require two to three applications at 
monthly intervals, more severe ones ten to 
twelve. Approximately two-thirds of treated 
cases are benefited (Thomson). The Finsen 
Institute of Copenhagen reports 50 per cent 
cures with heliotherapy (general) and re- 
flected sunlight intralaryngeally has been 
used (Verba solar laryngoscope). Alkaline 
sprays are useful for cleansing and demulcent 
effects. In some cases pain can be relieved 
by alcoholic injections of the superior laryn- 
geal nerve. The relief lasts two days to 
several weeks. Resection of this nerve under 
local anaesthesia might be considered.— 
Laryngeal Tuberculosis, C. B. Ernlund, 
Section of Tuberculosis, Massachusetts Med- 
ical Society, reported in New England J. 
M., August 29, 1929, cci, 408. —(A. P.) 


Tuberculosis of Larynx.—Out of 477 
patients with tuberculous laryngitis, in 119 
the laryngeal lesions were cured by sana- 
torium treatment, combined with silence, 
and treatment by galvanocautery.— Tuber- 
culosis of the Larynx, St. C. Thompson, 
Brit. M. J., October 26, 1929, no. 3590, 
751.—(W. I. W.) 


Tuberculosis of Larynx.—From 8 to 
25 per cent of proved cases of phthisis ex- 
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hibit laryngeal symptoms, due to tuberculous 
involvement. The chief symptoms are pain 
and cough. Absolute vocal rest is indicated 
in all of these patients, and galvanocautery 
may be found useful—Twuberculosis of the 
Larynx, W.G. Howarth, Brit. M. J., October 
21, 1929, no. 3590, 749.—(W. I. W.) 


Tumor of Breast with Tuberculous 
Axillary Adenitis.—A case is cited of an 
intracanalicular fibroadenoma of the breast 
in a woman of 28 in whom enlarged axillary 
lymph nodes, which later turned out to be 
tuberculous, led to the diagnosis of carcinoma 
of the breast with metastasis. The breast 
and the axillary nodes were removed. 
Thorough examination of the breast failed to 
disclose any evidence of tuberculosis. The 
woman had pulmonary tuberculosis.—A 
Case of Intracanalicular Fibroadenoma of 
the Breas' with Associated Tuberculous 
Lymphadenitis Mistaken for Carcinoma, N. 
Treves, Am. J. Surg., June, 1929, n.s. v1, 
781.—(H.S.W.) 


Acute Respiratory Infections and 
Pulmonary Tuberculosis.—About one- 
half the patients with pulmonary tubercu- 
losis give a history of preceding acute upper 
respiratory infection, followed shortly by 
cough and expectoration and later by consti- 
tutional symptoms, such as afternoon 
fever, night-sweats and loss of weight. 
There is some analogy in this to lobar pneu- 
monia, 25 to 50 per cent of cases of which 
are preceded by an upper-respiratory in- 
fection. However, the point of view that 
upper-respiratory infections excite pul- 
monary tuberculous lesions and predispose 
to lobar pneumonia may be fallacious in that 
the former infections are very prevalent 
anyway and may bear only a chance rela- 
tion to phthisis and pneumonia. Acute 
respiratory infections accompanying measles, 
whooping cough, diphtheria and at times 
scarlet fever are also thought to excite 
tuberculous activity but the only suggestion 
of proof lies in the behavior of the tuberculin 
skin test, especially during measles, indicat- 
ing temporary anergy. Regarding influenza, 
mortality statistics afford some information 
bearing on a relation. During the year 
preceding September 30, 1889, in the 
garrison in Munich, 67 men were discharged 
from service on account of phthisis, and in 
the succeeding six months 13% or nearly 
twice as many. In all these tubercle bacilli 
were found in the sputum. In Paris, from 
December 22, 1888 to January 4, 1889, 349 
persons are recorded as having died from 
phthisis, and in the same two weeks a year 
later, 886. These figures certainly suggest 
that influenza may excite or make worse a 
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slumbering or existing tuberculosis. In the 
United States and England and Wales the 
declining mortality from pulmonary tuber- 
culosis was temporarily interrupted by an 
increase between 1915 and 1918. The State 
of Massachusetts shows a gradual rise from 
1915 to a peak in 1918, when influenza was 
prevalent. Less marked increases occurred 
in 1890 and 1892. While influenza-pneu- 
monia superimposed on phthisis may have 
been a source of error in some returns in 
1918, yet on the whole the unfavorable effect 
of influenza on pulmonary tuberculosis can 
hardly be doubted. The effect of pneu- 
monia on a tuberculous patient is more 
difficult to evaluate because a differential 
diagnosis between a tuberculous and non- 
tuberculous pneumonia in a patient with 
phthisis is so difficult. The presumption in 
unfavorable cases favors a tuberculous origin 
from the beginning, and conversely, yet such 
is not necessarily true. It is concluded that 
influenza appears to be an unfavorable 
complication of tuberculosis, that the effects 
of pneumonia are doubtful and that it is 
difficult to obtain evidence regarding other 
respiratory infections—The Effect of Bron- 
chitis, Influenza and Pneumonia on Pul- 
monary Tuberculosis, F. T. Lord, Section 
of Tuberculosis, Massachusetts Medical Soc., 
June 10, 1929, reported in New England 
J. M., August 29, 1929, cci, 410.—(A. P.) 


Pleural Effusions.—For this study 28 
cases of tuberculous pleuritis were repeatedly 
examined, withdrawing fluid 118 times. 
Frequently, exudate and blood-serum were 
examined simultaneously. In the exudates 
the highest percentage of protein was 6.31, 
and the lowest 3.65, with an average of 
4.85 to 4.98. The highest colloid-osmotic 
pressure was 257 mm. of water with 5.7 per 
cent of protein; the lowest was 155 mm. with 
3.24 percent of protein. The colloid-osmotic 
pressure per one per cent of protein was 
between 40 and 50 with only three exceptions. 
The protein content of the exudate is 2.45 
to 3.47 per cent lower than in the blood 
plasma; this difference usually increases as 
the exudate is resorbed. The resorptive 
processes are governed by the following 
factors: the hydrostatic pressure of the capil- 
laries, the hydrostatic pressure in the pleural 
space and the colloid-osmotic pressure of 
exudate and blood plasma. The data col- 
lected in this study make it probable that 
the tuberculous process of the pleura 
damages the capillaries in such a way that 
they become dilated and permeable to the 
plasma proteins. Therefore the fluid of the 
tuberculous pleuritis always contains con- 
siderably more protein than that of hydro- 
thorax; the latter shows higher protein con- 


centrations only after concentration, due to 
water resorption, has occurred. As long as 
equilibrium exists between the colloid- 
osmotic and hydrostatic pressures, resorption 
is only possible by proteolysis of the protein 
in the exudate; this process liberates water 
which may be resorbed.—Pathogenese und 
Resorption von Trans- und Exsudaten in der 
Pleura, P. Iversen and E. H. Johansen, Klin. 
Wehnschr., July 9, 1929, xii, 1311.—(M. P.) 


Pleuritic Effusions.—Serofibrinous effu- 
sions may be caused by tuberculosis, rheu- 
matic fever, influenza and neoplastic disease. 
The majority are of tuberculous origin. 
These effusions should be tapped only when 
they become so large as to cause respiratory or 
cardiac distress. Purulent effusions should 
be aspirated during the acute stage. After 


the acute stage, incision with or without rib 
resection and drainage may be carried out.— 
The Treatment of Pleuritic Effusions, T. 
Horder, Brit. M. J., October 5, 1929, no. 
3587, 605—(W. I. W.) 


Hilum Tuberculosis.—Hilum tubercu- 
losis can be demonstrated clinically in a 
relatively large percentage of children. In 
spite of much clinical evidence suggesting 
pulmonary tuberculosis in children, actual 
invasion of the lung parenchyma is relatively 
rare. The natural tendency in all such 
cases is toward cure, although in many, 
physical signs will remain which—in adult 
life—will be regarded as evidence of old 
healed lesions. Rupture of adherent caseous 
glands into a bronchial tube is a not un- 
common cause of pulmonary tuberculosis.— 
Hilum Tuberculosis as an Important Causa- 
tive Factor in Pulmonary Tuberculosis in 
Adults, D. J. G. Johnson, Brit. M. J., 
August 24, 1929, no. 3581, 335 —(W. I. W.) 


Pleural Effusions.—A study of 115 cases 
revealed the extreme difficulty in deter- 
mining diagnostically between hydrothorax, 
tumor effusions and inflammatory exudates, 
as well as in a differentiation of the inflam- 
matory exudates among each other, espe- 
cially those of tuberculous origin as dis- 
tinguished from the nontuberculous. A 
haemorrhagic character occurs in tubercu- 
losis, frequently in tumors in elderly individ- 
uals and in exudates of other types. A 
lymphocytosis as a rule indicates tubercu- 
losis and a predominance of endothelium 
speaks for a purely mechanical genesis of 
the effusion, either in hydrothorax or in 
tumor. A number of times Charcot crystals 
as well as crystals of haemoglobin derivatives 
were found. With a pneumothorax there 
occurs in certain cases a milky turbidity or 
opalescence (nonchylous). Rarely there 
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were found bile pigments, coal pigments and 
eosinophilia—Uber pleurale Ergiisse (insbe- 
sondere in morphologischer Beziehung), A. 
Arnstein and M. Huppert, Beitr. z. Klin. d. 
Tuberk., 1928, lux, 660.—(H. J. C.) 


Pleurisy in Aged.—There are obviously 
several aetiological factors concerned in 
pleurisy, which in the aged may become a 
very severe disease. It may be dry or it 
may be associated with a serous, bloody, 
chylous or empyematous effusion. It is 
frequently sacculated. It may be derived 
from subphrenic abscess or other infectious 
condition of the abdomen. There are two 
striking symptoms: (1) dyspnoea which may 
be very marked (even when not associated 
with neoplasm) and (2) symptoms of cardiac 
insufficiency, which may be the first sign of 
a pleural affection. Such signs and symp- 
toms as come from congestion of the liver 
and spleen and oedema of the joints may 
antedate any other evidence of cardiac or 
pleural disease. Pleurisy fails to spread in 
the aged in the way it frequently does in 
younger persons. There is usually con- 
siderable impairment on percussion, unless 
the chest is completely ankylosed. Grocco’s 
triangular paravertebral dulness is present 
in case of fluid. Vocal fremitus is usually 
present and the breath-sounds distant. 
The X-ray findings are not unlike those in 
younger people except for the relative fre- 
quency in the aged of the interlobar variety. 
Pleurisy in the aged may be acute and 
stormy, or chronic and without symptoms. 
The common types are those associated with 
cardiac disease, renal disease, tuberculosis and 
toxic states. The course will obviously vary 
agood deal. Therapeutically the problem is 
important. Morphine for the pain, some- 
times dry cupping, attention to the heart 
and circulation irrespective of the form of 
the pleurisy or its aetiology; in this, digitalis, 
strophanthin, caffeine, etc. may be indicated 
(but theobromine preparations are sometimes 
not well borne by the patient), early tap- 
ping—all these need attention. If empyema 
is present it may be necessary to perform 
thoracoplasty. In the latter great age alone 
is no contraindication. Repetitorium der 
Alterskrankheiten: vi. Die Pleuraerkrankun- 
gen (mit Ausnahme der neoplaslischen), H. 
Schlesinger, Deutsche med. Wchnschr., March 
8, 1929, lv, 404.—( H. S. W.) 


Bilateral Spontaneous Pneumothorax. 
—A white male, aged 19, who had always 
enjoyed good health, was seized, on arising 
one morning, with sharp pain in his left 
chest. He became breathless five hours 
after the onset of the pain. Physical signs 
and X-ray studies revealed a_ bilateral 


pneumothorax. After fourteen days, the 
lungs reéxpanded completely. The patient 
has been under observation as an outpatient 
since his discharge for a period of one year. 
Roentgenographs show that both lungs are 
fully expanded and there is no evidence of 
pulmonary disease.— Bilateral Spontaneous 
Pneumothorax, D. E. Bedford and H. Joules, 
Brit. M.J., August 10, 1929, no. 3579, 240.— 
(W.I. W.) 


Tuberculosis of Aorta.—The case cited 
here is the twentieth reported instance of 
tuberculosis reaching the aorta by extension 
from a tuberculous process outside the aorta. 
In this case, the involvement extended to 
the media, but no rupture occurred. Clinic- 
ally, syphilitic aortitis was suspected on 
account of the history, shortness of breath, 
pain, pallor, and a positive Wassermann 
reaction.— Tuberculosis of the Aorta, L. J. 
Adams, Arch. Int. Med., November, 1929, 
xliv, 711.—(W.I. W.) 


Tuberculous Polyserositis and Peri- 
carditis.—The following case is an example 
of polyserositis in a relatively early phase and 
running a more acute course than usual. A 
previously healthy woman of 49, hospitalized 
because of substernal pain, dyspnoea, and 
continuous fever, was found to have a large 
pericardial effusion from which tubercle 
bacilli were grown on culture. There fol- 
lowed in succession left and right pleural 
effusions, ascites, and oedema of the legs. 
Pleural fluids, peritoneal fluids, and sputum 
specimens were examined on several occa- 
sions, but tubercle bacilli were not found. 
Enlarged supraclavicular lymph nodes were 
present from the onset. Later the liver 
became enlarged and the spleen barely 
palpable. An infection of the left quadri- 
ceps bursa developed, and from this also 
tubercle bacilli were grown. In spite of 
continuous fever, the general condition 
remained remarkably good for many months. 
Two years after the onset death occurred 
from slow congestive heart failure and 
oedema. The postmortem findings were as 
follows: 1: Long-standing caseating tuber- 
culosis in the right fallopian tube (symptom- 
less during life). 2: Tuberculous infiltra- 
tion of the spleen with fibrosis, but little 
caseation, and infiltration of the same type 
in the cervical nodes. 3: Chronic serositis 
of the pericardial, pleural and peritoneal 
sacs. 4: Asingle, very small, puckered scar 
in the apex of each lung. The typical 
globular shadow of pericardial effusion was 
not demonstrated by X-ray until about 
seven weeks after the onset of illness. A 
laparotomy, performed before the true 
diagnosis was made, revealed no abnormal- 
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ities except moderate enlargement of the 
liver, the left lobe of which was displaced 
downward and forward by the distended 
pericardial sac. The oldest tuberculous 
lesion discovered was the caseating focus in 
the fallopian tube. In spite of the long 
history and the slow but widespread lym- 
phatic spread of the bacilli from this focus to 
the serous sacs, the spleen, and the medias- 
tinal and cervical lymph nodes, no other 
lesion was found which showed obvious 
caseation, although bacilli were actually 
grown from the fluids of the pericardial sac 
and quadriceps bursa many months before 
death. The absence of tissue necrosis and 
the marked degree of productive and pro- 
tective fibrosis found in the spleen, the 
lymph nodes, and the thickened serosa were 
in strong contrast to the progressive casea- 
tion usually associated with widespread 
tuberculosis, in which the symptoms and 
mode of death are due to the specific infec- 
tion and toxaemia. In this case the symp- 
toms and signs of congestive cardiac failure 
were prominent, and the effects of the wide- 
spread infection and of toxaemia relatively 
slight. It seems reasonable therefore to 
suppose, on the clinical, pathological, and 
histological evidence afforded by this case, 
that chronic tuberculosis of the great serous 
sacs progressing to the production of 


‘“polyserositis” is a condition associated with 
a high degree of immunity to the infection, 
and that in more chronic cases than this the 
infective element is slowly submerged as the 
clinical picture becomes one of mechanical 
obstruction to the heart and circulation —A 
Case of Tuberculous Polyserositis with Pre- 


dominant Pericardial Involvement, L. S. T. 
Burrell, Dorothy C. Hare and Joan M. Ross, 
Lancet, December 21, 1929, ccxvit, 1303.— 
(R. M. F.) 


Intestinal Tuberculosis.—Hippocrates 
said that “diarrhoea attacking a person with 
— is a mortal symptom.” Patho- 
ogical studies made about a century ago 
showed intestinal ulceration to be frequent 
in those dying of pulmonary tuberculosis, 
but it is only for about a decade that diag- 
nosis during life and prior to the hopeless 
terminal stage has been possible, although 
clinical guesses from symptoms and signs 
occasionally proved correct. It is through 
roentgenological studies of the barium meal 
that real surety has been made possible. 
Early observations were made by Stierlin in 
1911 and Pirie in 1917, but it remained for 
Brown and Sampson, of Trudeau, to study 
the condition in detail. They find it fre- 
quent, even in cases with minimal pul- 
monary disease, and very nearly constant in 
far-advanced cases. At the Phipps Insti- 


tute, of 100 cases autopsied (of pulmonary 
tuberculosis) 76 showed intestinal ulcera- 
tion. Although 40 per cent had diarrhoea, 
the same symptom occurred in nearly 30 per 
cent without ulceration and other authors 
have shown similar discrepancies. Finding 
of tubercle bacilli in the stools has little 
significance, as in practically every pro- 
ductive case sputum is swallowed. In- 
definite digestive disturbances and failure to 
gain in weight are suggestive. The usual 
site of lesions is in the terminal ileum, 
caecum and ascending colon, where is the 
richest supply of lymphoid tissue together 
with relative stasis. This region can be 
rather easily visualized in the X-ray films 
ordinarily. If, however, there are ulcera- 
tions in this region the opaque meal is 
hurried through, casting little or no shadow 
on the film (Stierlin’s sign). Filling defects 
in this region after 6 to 9 hours, plus general 
hypermotility, establish the diagnosis in 
most cases. Treatment: Warmth and quiet 
are important general measures, since cold 
and exercise increase peristalsis. At times 
it is well to reduce the diet to bland foods 
with little residue, although favorable cases 
eventually may tolerate a general diet. For 
pain, opiates and belladonna are effective, 
and for diarrhoea bismuth and astringents. 
Of outstanding value is calcium chloride, 
given intravenously, 5 cc. of a 5 per cent 
solution. But the best recorded results, 
until recently, were from artificial helio- 
therapy, in which the mercury-vapor lamp 
seems to have advantages over the carbon- 
arc. General exposures are given. Direct 
sun exposures may be used in suitable 
weather and climate. Very recently McCon- 
key and Smith, of the New York State 
Sanatorium, have obtained even better 
results with codliver oil and tomato juice, 
which are available to all. In a few cases 
surgical resection is applicable, but the 
mortality is quite high. In general, the 
earlier proper treatment is instituted the 
better the outlook.— Tuberculosis of the 
Intestines, W. A. Griffin, Section of Tubercu- 
losis, Massachusetts Medical Society, re- 
ported in New England J. M., August 29, 
1929, cci, 401.—(A. P.) 


Liver and Pancreas in Tuberculosis.— 
Aside from the frequent finding of tubercles, 
infiltration by fat and an increase in con- 
nective tissue in the liver often seem to 
accompany tuberculosis of the lung. The 
pancreas in these cases rarely shows tuber- 
cles, and only infrequently an increase in 
connective tissue. The correlation between 
the changes in the pancreas and those in the 
liver has received but little attention. The 
present study deals with the examination of 
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the liver and the pancreas in 100 cases of 
chronic ulcerative tuberculosis of the lung 
and with the data taken from 767 cases of 
tuberculosis. Attention was directed to the 
infiltration of the liver by fat, to the inter- 
stitial tissue of the liver and pancreas, and 
especially to the islets of Langerhans. The 
autopsies were performed from three to 
twenty-four hours after death. Blocks of 
the liver and of the tail, midportion and 
head of the pancreas were made and sec- 
tioned. An attempt to count the number of 
islets of Langerhans proved futile; therefore 
the diameters of the islets were measured 
with the aid of a filar ocular and the longest 
diameters recorded. Thirty-four of these 
100 cases of chronic ulcerative pulmonary 
tuberculosis showed the presence of fat in 
the liver, but only three of these showed 
complete infiltration of the liver by fat. 
There was no relation between the fatty 
infiltration and the presence of tubercles in 
the liver and ulcerative tuberculous lesions 
in the intestines. There was no relation 
between age, color or sex and the infiltration 
of the liver by fat. Eighty of the cases 
showed tubercles in the liver. An increase 
of connective tissue was present in 67 per 
cent, but only 4 cases showed changes that 
were called sclerosis. The pancreas showed 
tubercles in 4 per cent. In 11 cases an 
increase in connective tissue was demon- 
strated. Only 2 cases showed sclerosis. 
There was no relation between the fibrotic 
changes in the liver and those in the pan- 
creas, between tubercles of the pancreas and 
tuberculous lesions of the intestines, or 
between fibrotic changes of the pancreas and 
the age. Special attention was given to the 
size of the islets of Langerhans. In cases in 
which fat was found in the liver, the largest 
diameter of the islets measured less than 
350 micra. The diameters did not exceed 
275 micra in cases of complete infiltration of 
the liver by fat. The pancreas in 23 cases 
which showed no fat in the liver had islets 
measuring more than 350 micra in diameter; 
ten of these islets measured over 400 micra. 
On the assumption that larger islets mean 
increased function, which is questionable, it 
is suggested that the presence or absence of 
fat in the liver in cases of pulmonary tuber- 
culosis may depend on the size of the islets 
of Langerhans together with other factors. 
The larger islets may cause the sudden hypo- 
glycaemia found in some cases of diabetes 
complicated with tuberculosis during the 
course of treatment with insulin —Changes 
in the Liver and in the Pancreas in Chronic 
Pulmonary Tuberculosis, with Special Ref- 
erence to the Islets of Langerhans, O. Saphir, 
Arch. Path., June, 1929, vit, 1026.—(J.S. W.) 


Tuberculosis of Spleen with Poly- 
cythaemia Vera.—The author reports an 
interesting case of a rare combination of 
polycythaemia vera with splenic tubercu- 
losis. The case is interesting in considering 
the significance of these diseases as to 
pathogenesis. As a source of the tubercu- 
lous infection in the spleen the author con- 
siders the partly caseated bronchial lymph 
nodes found. In reviewing the literature 
the author refers to 7 similar cases, in which 
the liver and spleen were found tubercu- 
lous, although not as exclusively as in the 
case reported here. In this case the patient 
developed the polycythaemia vera 5 years 
ago while the tuberculous changes were of 
an early type. The pathogenesis of the 
splenic tuberculosis is viewed by the author 
as being due to a locus minoris iresistentiae 
of the spleen, and on this basis the terminal 
tuberculous seedings in the liver and spleen 
in cases of leukaemia can also be explained. 
—Milztuberkulose bei Polycythaemia vera, 
Erna Sachs, Beitr. z. Klin. d. Tuberk., 
1928, lxix, 699.—(H. J. C.) 


Mesenteric Lymph-Node Tuberculo- 
sis.—The author corroborates the work of 
Sternberg on the “‘mesenteric symptom” in 
mesenteric lymph-node tuberculosis. He 
reports 30 cases of mesenteric-node tubercu- 
losis, all of which had spontaneous pain in 
the epigastrium and in which there was, in 
addition to the lymph-node involvement, 
involvement of the overlying peritoneum. 
The inflammatory changes were partly 
tuberculous and partly of nonspecific nature. 
The mesenteric symptom is due to the 
inflamed peritoneum at the mesenteric root. 
The irritation of the peritoneum can lead 
to obstipation or diarrhoea, with colicky 
symptoms as the result of vagus reflex 
action—Zur pathologischen Anatomie der 
Mesenterialdriisentuberkulose, M. Bock, 
Zeitschr. f. Tuberk., 1928, lit, 30.—(H. J.C.) 


Codliver Oil and Butter in Tubercu- 
losis of Mesenteric Lymph Nodes.— 
Codliver oil is less easily assimilated than 
butter by children, and in mesenteric 
lymph-node tuberculosis the assimilation 
of fats is markedly diminished. In this 
disease butter has advantages over cod- 
liver oil as a nutrient.—Uber die Assimilier- 
barkeit des Lebertranes und der Butter bet 
Mesenterialdriisentuberkulose, I. Fertik and 
M. Pick, Zeitschr. f. Tuberk., 1928, li, 372. 
—(H.J.C.) 


Calcified Abdominal Lymph Nodes.— 
Tuberculosis of the mesenteric lymph 
nodes has not infrequently been found at 
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autopsy, with no evidence of tuberculosis of 
the lungs or intestines. Pathological and 
experimental evidence suggests that the 
bacilli may pass through the intact intes- 
tinal wall into the lymphatics. ‘Those which 
drain the ileum, caecum, appendix, and 
proximal part of the ascending colon are 
the most frequently involved. Calcium 
may be deposited in caseous nodes containing 
viable microdrganisms, and completely cal- 
cified nodes may be present alone or in 
association with actively diseased nodes. 
This condition may be responsible for 
unexplained fever and for abdominal symp- 
toms in adults, as well asin children. Symp- 
toms may manifest themselves as obscure, 
indefinite pain suggesting other abdominal 
conditions. Calcified mesenteric lymph 
nodes may be innocuous and they may 
coéxist with other abdominal diseases, but 
their shadows on the roentgenogram fre- 
quently offer a solution for an otherwise 
puzzling clinical problem.— The Significance 
of Calcified Abdominal Lymph Nodes, R. 
Golden and R. I. Reeves, Am. J. Roentgenol. 
& Rad. Ther., October, 1929, xxii, 305.— 
(W.I.W.) 


Association of Surgical and Intra- 
thoracic Tuberculosis.—This study is 
based upon cases observed at the clinic of the 
Lakeville, Massachusetts, State Sanatorium 
during three and one-half years. Despite 
the prevalent tendency to assume coéxisting 
pulmonary tuberculosis in nearly all cases of 
surgical tuberculosis, in this group bona 
jide phthisis was demonstrated in but a small 
percentage. On the other hand, primary 
surgical tuberculosis must not be assumed 
merely because a portal of entry cannot 
be demonstrated. First, roentgenographic 
shadows are not infallible; second, abdominal 
lymphadenitis is not uncommon. Viewing 
the matier from the phthisiologist’s stand- 
point, of 1058 cases admitted to the Mani- 
toba Sanatorium for pulmonary tuberculosis 
over three and one-half years, 2.7 per cent 
had also bone and joint lesions, principally of 
the spine. Rutland, Massachusetts, State 
Sanatorium during 1928 had only 1.3 per 
cent bone and joint lesions. In the present 
group 200 consecutive chest roentgenographs 
were studied. The findings were classified 
as (1) negative, (2) positive, (3) probable, 
(4) hilum and (5) Ghon lesions. The first 
two headings are fairly well defined. Under 
“probable” are included cases of prominent 
linear markings, extending from the hila 
upward into the apices. Under “hilum” 
are included those with definite calcified 
lymph nodes, marked enlargement of hilum 
shadows, or both. Lesions of Ghon consti- 
tute a group characterized by one or more 


isolated calcified tubercles well out in the 
lung fields, healed lesions in otherwise 
normal parenchyma. Opinions and figures 
regarding incidence of pulmonary lesions in 
surgical tuberculosis conflict, ranging from 
53 per cent (Almens and Flesch-Thebesius) 
to less than 9 per cent (Keller). In these 
200 patients studied, of whom two-thirds 
were under 21, and over half not over 16, 
frank pulmonary tuberculosis was found in 
17.5 per cent, of whom 42 per cent had posi- 
tive sputa. This high incidence suggests 
caution in prescribing air-baths and helio- 
therapy. Conclusions: 1: In 17.5 per cent 
of a group of 200 cases of surgical tuberculo- 
sis, or in approximately one case out of 
every six, there is bona fide pulmonary 
tuberculosis. 2: In 110 of these 200 cases 
intrathoracic pathological change was de- 
monstrable. 3: Where no intrathoracic le- 
sion is demonstrable we must not be led to 
believe that the surgical lesion is primary. 
Negative findings occur in the absence of 
calcification in primary lymphatic lesions or 
where the portal of entry was elsewhere than 
the chest,—for instance, in the digestive 
system.— The Association of Intra- Thoracic 
Lesions and Surgical Tuberculosis: A Study 
of 200 Cases, H. Ragolsky, New England 
J. M., July 4, 1929, cct, 11—(A. P.) 


Tuberculous Rheumatism.—Little evi- 
dence has thus far been accumulated con- 
cerning the relationship between pulmonary 
tuberculosis and certain forms of acute and 
chronic articular rheumatism. The earlier 
clinicians, such as Bonnet, Charcot and 
Trousseau, noticed types of chronic arthritis 
in patients with pulmonary tuberculosis, but 
considered them merely as coincidental. It 
was not until 1897 that Poncet suggested the 
existence of a relationship between these two 
conditions, but he did not support his views 
with any bacteriological or pathological 
proof. Several cases are described in detail 
to show the association of articular mani- 
festations with pulmonary symptoms. A 
boy eighteen years of age entered the 
hospital with signs of acute articular rheu- 
matism involving most of the larger joints. 
Three months after his recovery from this 
attack, he succumbed to caseous broncho- 
pneumonia of the left upper lobe. Here the 
initial articular symptoms predominated and 
masked a latent pulmonary tuberculosis. 
In a woman fifty-eight years old progressive 
ankylosis and deformity involving the joints 
of both upper and lower extremities was 
observed. The X-ray films of some of the 
joints were diagnosed as resembling tubercu- 
lous arthritis. Throughout the period of 
her articular exacerbations there was an 
associated bilateral pulmonary tuberculosis 
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with bacillary sputum. From the literature 
there are quoted similar cases in which the 
tubercle bacillus was obtained on direct 
smear and in which there was a positive cul- 
ture from tuberculous joints. It is believed 
that these findings are exceptional. On the 
other hand, stress is laid upon the recent 
experimental work of Calmette and Valtis, 
who inoculated the filtrates from tuberculous 
material and produced an “atypical” form 
of experimental tuberculosis in guinea pigs. 
In an effort further to clarify the relation- 
ship between these two affections, the exu- 
dates from joints of three different patients 
with various tuberculous manifestations were 
inoculated into guinea pigs. The clinical 
diagnoses were acute arthritis (with purpura 
rheumatica), chronic hydrarthrosis of the 
knee, and acute purulent ostitis. In every 
instance, the presence of typical acid-fast 
bacilli which merely proliferated at the site 
of inoculation, was determined, but in no 
case was visceral disease produced in the 
animal. The cultures from these exudates 
were also sterile. It is concluded that the 
organisms of the articular exudates inducing 
this nonpathogenic form of tuberculosis in 
guinea pigs are identical with the filterable 
form of tubercle bacilli designated by Cal- 
mette asa tuberculous ultravirus. Although 
these experiments by no means warrant any 
broad general conclusions, they suggest that 
certain clinical forms of arthritis in cases of 
tuberculosis are caused by a tuberculous 
ultravirus.— Rhumatisme Tuberculeux, G. 
Paisseau and V. Oumansky, Ann. d. Méd., 
June, 1929, xxvi, 30.—(J. G.) 


Treatment of Surgical Tuberculosis. 
—In spite of many favorable results from 
heliotherapy in tuberculosis, one has fre- 
quent occasion to doubt the eflicacy of this 
treatment. From 1922 to 1927, 103 cases of 
surgical tuberculosis were treated in the 
Charlottenburg-Westend Hospital. Records 
are available on 76 of these cases. Thirty- 
two of these were treated conservatively 
and of them seven (22 per cent) were cured. 
Of the seven, four were perfectly able to 
work, and two could do some work. Fifteen 
of the 32 had had no sunlight and three of 
these had complete healing. Seventeen 
were treated with sunlight with an average 
of about a year, and one of these became a 
complete cure with function of the part, 
three healed by ankylosis, and three died. 
Forty-four cases were treated operatively, 
and a considerably larger percentage of these 
were healed than those treated conserva- 
tively. Surgical treatment requires a shorter 
time and is less expensive; it renders a 
larger number of the patients capable of 
working. Patients should spend a while 


in the sanatorium after operation.—Ueber 
chirurgische Tuberkulose, E. N. Stahnke, 
Deutsche med. Wehnschr., November 22, 
1929, lv, 1966 —(H. S. W.) 


Animal Inoculation in Diagnosis of 
Surgical Tuberculosis.—Material from 
126 cases of surgical tuberculosis was 
studied culturally and histologically and by 
animal inoculation. A method of reducing 
the test period was found. Two guinea pigs 
were injected with the fluid material directly 
into the region of the lymph nodes at the 
fold of the knee while pieces of tissue were 
implanted into the incised lymph nodes. 
Intercurrent diseases resulting fatally were 
noted in only 1 per cent of the tests. Pre- 
liminary antiformin treatment resulted in 
the reduction of the positive findings. In 
75 of the cases the animal test was positive 
while the microscopic examination resulted 
negatively. In 30 per cent the result was 
obtained in 14, in 35 per cent within 14 to 24, 
and in 20 per cent within 21 to 28 days. 
It is maintained that the intraglandular 
method results in a decided shortening of 
the test period and that the animal test is 
the most reliable of those available. The 
culture method is not conclusive on account 
of the difficulty arising in the growth of 
acid-fast saprophytes.—Der Tierversuch bei 
chirurgischer Tuberkulose, M. Knorr and 
H. Friedrich, Beitr. z. Klin. d. Tuberk., 
1928, lxix, 385.—( H. J. C.) 


Treatment of Orthopaedic Tubercu- 
losis by Vigantol.—A case of severe ortho- 
paedic tuberculosis which had been refractory 
to all methods of treatment showed remark- 
able results from the use of Vigantol. All 
but one of several fistulae completely closed. 
The patient showed marked clinical im- 
provement.—Wesentliche Besserung eines 
Falles von Knochentuberkulose durch Vigan- 
tolbehandlung, Plath, Deutsche med. 
Wehnschr., November 8, 1929, lv, 1886.— 
(H. S. W.) 


Prognosis of Tuberculosis of Joints.— 
The numerical importance of joint tubercu- 
losis is emphasized by the fact that out of 
79,356 cases which were treated in the 
Department for Orthopaedic Surgery at the 
University of Vienna during twenty-two 
years, 10,013, that is, more than 12 per cent, 
were cases of tuberculosis of bones and 
joints. In similar institutions, the per- 
centage of these patients reaches as high as 
37 per cent. The prognosis of articular 
tuberculosis has undergone certain changes 
on account of three important facts: J: The 
conservative therapy has become better 
established and the indications for radical 
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surgery are now better defined. 2: Certain 
diseases of the joints have become recognized 
as nontuberculous, which previously have 
frequently been mistaken for tuberculosis. 
3: The social and economic conditions have 
undergone marked changes since the war. 
Diseases which have previously been mis- 
taken for tuberculosis are juvenile osteo- 
chondritis deformans (Calvé-Legg-Perthes), 
arthritis deformans, osteomyelitis, syphilitic 
coxitis, Kiimmel’s disease of the vertebra, 
the dorsal kyphosis of adolescence, Strum- 
pell-Marie’s ankylosis of the vertebra, 
Schlatter’s disease, and so on. There is 
very little doubt that some of these cases 
have previously been classed as tuberculo- 
sis. They all are prognostically more 
favorable than tuberculosis, leaving the 
group of true tuberculous diseases with a 
more serious outlook than previously sup- 
posed. The postwar period brought a 
tremendous depression of economic condi- 
tions, with a coincident increase in tubercu- 
losis morbidity and tuberculosis mortality. 
On the other hand, more free clinics and a 
more thorough education of the public lead 
to more frequent early diagnosis. In judg- 
ing the individual case, the localization of 
the disease is an important prognostic factor. 
Tuberculosis strictly localized in bones has 
a better prognosis than foci which invade 
joints. Lesions of the upper extremities heal 
more easily than those of the lower limbs. 
The pathological anatomical character of the 
lesion influences its prognosis. Strictly 
synovial lesions with serous exudates are 
more favorable than proliferative and puru- 
lent processes. Lesions in children are 
usually better circumscribed than in older 
people, and for this reason prognostically 
more favorable. The causes of death 
following tuberculosis of bones or joints are 
as follows: (1) progression of concomitant 
tuberculous lesions in the lung or in other 
vital organs, (2) miliary tuberculosis, (3) 
tuberculous meningitis, (4) amyloid degenera- 
tion, (5) general sepsis, and (6) nontuber- 
culous disease of other organs (heart, kidney, 
etc.). The discussion between advocates 
of conservative treatment and of radical 
surgery has largely ceased, since it is well 
recognized now that radical surgical pro- 
cedures usually do not improve the prog- 
nosis. They are particularly contraindi- 
cated in children, because trauma to the 
epiphysis causes impairment in growth. The 
question whether a tuberculous joint should 
be immobilized by plaster cast or should be 
treated by extension depends largely on the 
individual indication. Many a joint is more 


useful when safely healed with ankylosis 
than with stretched capsule and ligaments. 
Sanatorium treatment with extension and 
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heliotherapy shows a mortality of 3 to 6 
per cent, and of cure 73 to 85 per cent (Kisch, 
Rollier). Orthopedic treatment with plaster 
casts has a mortality of 10 per cent and a 
percentage of cure of about 75 percent. One 
of the most important facts in the treatment 
is the persistent patience of both physician 
and patient. The length of time which is 
required for a complete cure depends both 
on the type and the localization of the 
lesion. If treatment can be started before 
marked destruction has occurred, a satis- 
factory cure without deformities can be pre- 
dicted in most cases.—Die Prognose der 
Gelenkstuberkulose, E. Deutsch, Wien. klin. 
Wehnschr., October 3, 1929, xlii, 1287.— 
(M.P.) 


Tuberculosis of Spine.—One hundred 
cases of tuberculosis of the spine were 
studied to determine the presence of absces- 
ses. Fifteen revealed abscesses clinically 
and 14 roentgenographically, or an incidence 
of 29 per cent. In the lower cervical region, 
abscesses may displace the oesophagus and 
trachea forward and result in difficulty in 
speech, swallowing and breathing. In the 
dorsal region they less frequently come to 
the surface, and can be determined only by 
roentgenographic studies. In the upper 
dorsal region, they incline to work upward 
toward the upper opening of the thorax. In 
the middorsal region, they vary in form and 
location and usually develop laterally, in 
globular form, perhaps working backward 
through the rib articulation and appearing 
on the back. In the lumbar region an 
abscess may generally be palpated in the 
abdomen and iliac fossa, but frequently is 
evident only by roentgen examination. A 
decrease in the size or early absorption is a 
favorable sign, while calcification in an 
abscess generally indicates a quiescent or 
healing process.—Abscesses in Tuberculosis 
of the Spine, J. W. Sever, J. Am. M. Ass., 
June 1, 1929, xcii, 1822.—(G. L. L.) 


Benign Tuberculous Spondylitis.— 
The most important function of the roent- 
genologist in regard to tuberculous spondy- 
litis is the establishment of an early diagno- 
sis. The chance for complete recovery is 
much better if treatment can be started 
before extensive bony deformities have 
occurred than after marked destructive 
processes have developed. In order to arrive 
at an early diagnosis, it is absolutely neces- 
sary to ray the spine, both in the sagittal 
and in the lateral diameters. One of the 
earliest roentgenological signs is the appear- 
ance of a small central focus which does not, 
as yet, alter the contours of the vertebra. 
In other cases, the only roentgenologically 
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demonstrable sign is abscess-formation with- 
out demonstrable bone lesion. Abscess- 
formation is present in more than 80 per 
cent of all cases. Generally, it is easier 
to recognize early lesions in the thoracic 
spine than in the cervical or lumbar 
portion. It was observed in numerous 
instances that patients with the signs of a 
quite early and small lesion, some of which 
were discovered incidentally, had had slight 
symptoms of spinal involvement over a 
period of years. They had complained, off 
and on, of increased fatigability, slight dorsal 
pain of a rheumatic character, slight pain on 
bending down, etc. In all these patients, 
with very chronic and slight symptomatol- 
ogy, only abscess-formation or, in some, 
minimal bone foci without deformities were 
observed. Observation revealed that some 
of these processes progressed only very 
slightly during a period of several years, 
even in patients, who, on account of the 
minimal symptomatology, had refused treat- 
ment. Some of these lesions will heal 
spontaneously, but others will eventually 
go on to a more rapid and more destructive 
progression. Another benign type of tuber- 
culous spondylitis is the fibrous tuberculosis 
of the vertebrae, as described by Kienbéck. 
In this type of lesion, there is no abscess- 
formation; the involved vertebral body is 
diffusely thinned and it may, as a whole or 
in part, be slightly compressed. The upper 
and lower margins appear darker, blurred 
and sometimes irregular in outline. This 
may be associated with a slight curvature. 
The benign forms of tuberculous spondylitis 
are frequently not recognized for a long 
time and are diagnosed as rheumatism, 
chronic arthritis, lumbago, etc. They 
usually heal well under conservative treat- 
ment.— Réntgendiagnostik gutartiger Formen 
tuberkuléser Wirbelerkrankung (Spondylitis 
tuberculosa benigna), M. Sgalitzer, Wien. 
klin. Wehnschr., April 18, 1929, xlit, 562. 
—(M. P.) 


Albee Operation in Tuberculous Spon- 
dylitis.—The author reports on 46 cases of 
tuberculous spondylitis treated by the Albee 
operation, and observed over a period of 
more than 5 years. Among these 11 (24 
per cent) died, 6 (13 per cent) showed 
unsatisfactory results, 6 (13 per cent) im- 
provement, and 23 (50 per cent) were 
healed. It is pointed out that most of 
those treated had to be released shortly 
after the operation and carried on heavy 
labor. Even though the figures are not as 
favorable as after the sunlight treatment 
they exceed by far those of any other 
ambulant treatment. Abscesses are not 
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influenced by the operation, and paralysis 
must be taken care of prior to operation.— 
Zur Bewertung der Wirbelsdulenversteifung 
durch freie Knochenplastik bei der Spondy- 
litis tuberculosa, E. Kénig, Arch. klin. 
Chir., 1928, cli, 505—( H. J. C.) 


Albee Operation in Tuberculous Spon- 
dylitis.—The Albee operation has been used 
for over 10 years by the author on more than 
100 cases and is highly recommended. 
Among these cases there were two deaths 
immediately after operation, and one child 
died of meningitis following too deep a 
splitting of the vertebrae, and an adult as 
the result of paralysis. Fifty cases were 
performed five years ago and one-half of 
these are completely healed, 13 per cent are 
improved, 11 per cent are not benefited, and 
26 per cent are dead. None of these pa- 
tients could permit a prolonged sanatorium 
treatment and most of them had to be 
ambulant a number of weeks after the 
operation and be returned to heavy bodily 
labor. The original Albee operation was 
preferred. Alloplasty is advised against.— 
Die wirbelversteifende Operation bet Wirbel- 
tuberkulose, M. Kirschner, Zeitschr. f. 
Tuberk., 1928, li, 106—(H. J. C.) 


Tuberculosis of Symphysis Pubis.— 
A patient, who years before had had pul- 
monary tuberculosis and cervical adenitis, 
developed a lump in the left groin which was 
of six months’ duration when first seen. 
Operation revealed tuberculosis of the 
symphysis pubis. X-ray showed.a marked 
separation of the symphysis. Pain upon 
walking caused the patient to remain in bed, 
in plaster spicas, but without improvement. 
Fusion of both sacroiliac joints enabled 
her to get up and about. There is new bone 
deposit and the patient has been well since 
(now two years).—Tuberculosis of Sym- 
physis Pubis, H. C. Blair, J. Bone & Joint 
Surg., April, 1929, xi (0. s. xxvii), 401.— 
(H. S. W.) 


Tuberculous Osteitis of Knee and Rib. 
—A case of synovial tuberculosis with ex- 
tension to the bones of the knee-joint and 
metastasis to a rib in a child of 23 months 
is recorded. The rib underwent patho- 
logical resection. Aspiration of the lesion 
at the knee and excision of the abscess 
involving the rib resulted in a cure of both 
areas. Tuberculous osteitis of the rib is a 
very uncommon disease.— Tuberculous Os- 
teitis with Pathological Resection of Seventh 
Rib, A. M. Rechtman, J. Bone & Joint 
Surg., July, 1929, xi (0. s. xxvii), 557.— 
(H. S. W.) 
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Tuberculosis and Nervous System.— 
Of all the infections of the nervous system, 
with the exception of syphilis, tuberculosis 
is the most frequent, especially during the 
periods of infancy, childhood and adoles- 
cence. Tuberculoma, chronic and acute 
tuberculous meningitis and spinal caries are 
always to be considered. The cervical 
sympathetic-nerve supply may be involved 
in the local morbid process and oculo- 
pupillary phenomena develop on one side.— 
Tuberculosis and the Nervous System, F. 
Buzzard, Brit. M. J.. May 11, 1929, no. 
3566, 839.—(W. I. W.) 


Tuberculous Meningitis with Unusual 
Cerebrospinal Fluid.—Summary of Case 
Report from Massachusetts General Hospital: 
A white man, aged 24, was admitted to the 
hospital July 7, 1928, complaining of head- 
ache and vomiting. His father, mother, 
sister and uncle had died of tuberculosis 
when he was a child. Two weeks before 
admission the headache began, and ten days 
later there were dizziness and vomiting, 
which continued four or five times a day, 
while the headache became constant and 
severe. The patient’s mental condition on 
admission was clear, his vision good and the 
eye-grounds showed merely slight venous 
engorgement and blurring of the margin of 
the right disc. There was no stiff neck or 
Kernig sign. The first lumbar puncture 
showed a pressure of 150 mm. of water, 
which on jugular compression rose to 240 
mm. The cell count showed only 4 lympho- 
cytes per cu. mm. The pulse-rate ranged 
between 45 and 70. On July 11, the pupils 
were unequal and there was partial aphasia, 
and the following day there was mental con- 
fusion. Lumbar puncture, July 13, showed 
an initial pressure of 250 mm. water and 
205 lymphocytes per cu. mm., while the 
temperature rose sharply to 101.8°F. The 
patient soon became lethargic and then 
semicomatose, death occurring July 22, 
about two weeks after admission, and four 
weeks after the onset. A part of the cerebro- 
spinal fluid injected into a guinea pig pro- 
duced marked tuberculosis. Cerebrospinal 
Fluid in Tuberculous Meningitis: The pres- 
sure is considerably increased in nearly all 
cases, ranging from 300 to 700 mm. of water 
according to a recent textbook authority. 
The same authority gives the average cell 
count as 112, the range being from 0 to 
1,000 and reports 5 cases with normal 
counts. Reux also reports 3 cases with 
counts of 5 to 6 cells. All authors report 
an increase of protein in most cases and the 
authority previously mentioned gives an 
average of 264 mgm. per 100 cc. In uncom- 
plicated brain tumor the protein is rarely so 


high as was found in the case reported, 83 to 
87 mgm. per 100 cc. The sugar-content of 
the fluid shows a change soon after distinct 
clinical symptoms are established and varies 
between 11 and 31 mgm. per 100 cc. (Green- 
field and Carmichael) with an average of 
27 mgm. according to the textbook The 
Human Cerebrospinal Fluid. ‘The chlorides 
are progressively reduced and readings below 
600 mgm. per 100 cc. are very suggestive. 
Striking features illustrated by this case are 
(1) that the clinical signs may antedate for 
some time the cell increase in the cerebro- 
spinal fluid, and (2) that the fluid may 
change rapidly in a few days from a normal 
to a pathological state. Conclusions: 1: 
Tuberculous meningitis has an insidious 
onset and even with an established clinical 
picture the cerebrospinal fluid changes may 
be slight. 2: The cerebrospinal fluid may 
change rapidly in a few.days. 3: The tem- 
perature may be normal through part or the 
entire course of the disease.— Tuberculous 
Meningitis with an Unusual Cerebrospinal 
Fluid, J. W. Watts and H. R. Viets, New 
England J. M., April 11, 1929, cc, 757.— 
(A. 


Relation of Tuberculous Meningitis to 
Other Forms of Tuberculosis.—The 
author found 12 cases of tuberculous menin- 
gitis among 4,700 children, and the low 
incidence is viewed as due to the age-period 
of 7 to 15 years of the cases studied. A 
difference in sex, as was noted for infants 
and early childhood with a greater inci- 
dence among boys, did not hold in this 
series. There was a greater incidence during 
the months of March and July, and of the 
acute infectious diseases measles was most 
predisposing. The rare occurrence of menin- 
gitis during school age is viewed as an in- 
creased resistance to infection, which is 
considered important in the occurrence of 
tuberculous meningitis. A relation between 
different forms of tuberculosis and tubercu- 
lous meningitis was not determinable.— 
Die Meningitis tuberculosa in ihrer Bezie- 
hung 2u den Verlaufsformen der Tuberkulose, 
K. Klare, Zeitschr. f. Tuberk., 1928, lii, 25. 
—(H. J.C.) 


Meningitis.—Eight patients with menin- 
gitis all definitely nonsyphilitic are reported, 
in each of which there was a positive Wasser- 
mann reaction in the spinal fluid. Five had 
tuberculous meningitis, one diplococcic 
meningitis, one was due to trauma, and in 
one the organism could not be obtained.— 
The Occurrence of Positive Wassermann 
Reactions in the Spinal Fluid of Tubercu- 
lous and Other Non-syphilitic Cases of 
Meningitis, K. Schaffle and M. Riesenberg, 
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Am. J. M. Sc., November, 1929, clxxvii, 632. 
—(W. I. W.) 


Renal Tuberculosis.—Tuberculosis of 
the kidney is most common between the ages 
of 20 and 40, and the clinical picture of the 
disease is varied, there being at least seven 
clinical types. In the majority of cases the 
most characteristic symptoms are referable 
to the bladder, there being urgency, fre- 
quency, burning during micturition, and 
pyuria with or without haematuria. Methe- 
namine is rarely of assistance and often 
irritates the bladder; irrigations are of little 
help. A second type simulates nephroli- 
thiasis, with more or less colicky pain and 
attacks of bleeding. The roentgenograph 
may show definite shadows of porous-looking 
calculi in the kidney region. A third type 
suggests either essential haematuria or renal 
neoplasm, with massive bleeding and colicky 
ureteral pains. A fourth type is very con- 
fusing, there being no bladder symptoms. 
A fifth type represents those cases which 
begin like the first and most common type, 
with later subsidence of symptoms and 
occlusion of the ureter. A sixth type simu- 
lates subacute or acute pyelonephritis, and 
a seventh presents itself as perinephric 
suppuration, in which the nephrectomy de- 
manded by persistent sinus-formation follow- 
ing drainage reveals the renal condition. 
The general health of the patients rarely 
suffers unless mixed infection with chills 
and fever develops. When the disease is 
bilateral, however, suburaemia or uraemia 
develops fairly early in 10 to 20 per cent. 
Physical examination of the kidney is of 
little value; vaginal palpation of the 
thickened ureter is of diagnostic import. 
Cystoscopy and ureteral catheterization is 
the most important diagnostic measure; in 
some cases spinal or gas-oxygen anaesthesia 
is necessary because of the bladder condi- 
tion. The cystoscopic picture varies from 
hyperaemia in the earlier cases to rigidity 
and oedema of the ureteral orifice, small 
mucosal haemorrhagic areas, and later tuber- 
cle development resulting in sharply cut-out, 
irregularly shaped ulcers. As_ ureteritis 
develops, the ureter shortens and there is 
retraction of the orifice. As a result of 
mixed infection, granulations develop in the 
ulcer base, and as more of the bladder be- 
comes involved contraction occurs with 
decrease of capacity. The bladder lesions 
are always most marked at the ureteral ori- 
fice on the side of the renal tuberculosis. In 
females ulcerations occasionally extend into 
the urethra. Indigo carmine is used in 
cystoscopy to determine function; in early 
cases there may be no delay in excretion as 
compared with the healthy kidney. The 


finding of the tubercle bacillus in the smear 
has proved more reliable than the guinea-pig 
inoculation, although the latter is more 
sensitive. The author has found the guinea- 
pig positive in 18 per cent of the healthy 
second kidneys examined; there is possibility 
of contamination during passage of the 
catheter through the bladder, or by reflux up 
the ureter; only late collections should be 
used for smears and inoculations. When 
the catheter cannot be introduced far 
enough to obtain satisfactory specimens, one 
must rely on the bladder picture, tubercle 
bacilli in the bladder urine, and absence of 
pyuria or bacilli from the second kidney. 
In a certain percentage of cases the second 
kidney may show evidence of a toxic nephri- 
tis, which clears up after nephrectomy on 
the diseased side. In males prostatic tuber- 
culosis may be confused clinically with 
renal tuberculosis, and contamination of 
collected specimens must be guarded against. 
If obtained with care from catheterized 
specimens, there is little danger of confusing 
the tubercle with the smegma bacillus. The 
author has found them in the smear in 89 
per cent of renal cases; they are most 
difficult to find in old chronic cases with much 
pyuria; here the antiformin method may be 
necessary. In many cases the bacilli have 
been seen in smears, yet the pig failed to 
develop disease. In rare cases, difficult to 
diagnose, the use of activating doses of 
tuberculin results in showers of bacilli. If 
the diagnosis can be made without pyelog- 
raphy, the added trauma should not be 
inflicted on the patient. One is occasionally 
forced to make an exploratory operation to 
decide whether one or both kidneys are 
tuberculous, depending on visible cortical 
changes after capsule stripping, or palpation 
of the ureter. In doubtful cases, pole to 
pole section, exploration and resuture can 
be done with only a moderate functional 
disturbance. The importance of surgical 
treatment is unassailable, no careful observer 
having yet reported definite chronic renal 
tuberculosis cured spontaneously or by 
tuberculin, heliotherapy and hygiene. The 
belief that the disease is usually bilateral 
because of haematogenous origin is illogical, 
as Staphylococcus aureus embolic abscesses 
are also haematogenous, but practically 
always unilateral. In children, renal tuber- 
culosis is more frequently bilateral. Very 
rarely are indications present for operative 
interference in bilateral disease, and the 
majority of such patients usually die shortly 
after nephrectomy. Nephrectomy with re- 
moval of the upper ureter is the operation 
of choice, except that in badly stenosed and 
dilated ureters a pararectus extraperitoneal 
incision for removal of the lower ureter at 
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the same time is indicated. Sinuses or 
tuberculosis of the whole wound follows in 
about 25 per cent of cases; the causation is 
in dispute, but it is probably not due to 
diseased ureter, as it occurs as frequently 
when the entire ureter has been removed; 
the author is convinced that the exploration 
is in the traumatic bacillaemia induced by 
the operator, the tubercle bacilli arriving in 
the vascular muscular wound; the anterior 
rectus sheath is avascular, and, where done, 
the pararectus incision always heals by 
primary union, although the stump of the 
diseased ureter is at its bottom. Post- 
operative treatment of persistent bladder 
symptoms is difficult. Irrigations and top- 
ical applications have varying results; low- 
voltage roentgen therapy and heliotherapy 
occasionally seem beneficial. Electrocoagu- 
lation of the surface of the ulcers, although 
gas-oxygen anaesthesia may be necessary, 
gives worth-while results. Open, active 
pulmonary tuberculosis warrants delayed 
surgery; if the symptoms interfere with the 
patient’s ability to cope withhis pulmonary 
lesion, nephrectomy under spinal anaes- 
thesia is indicated. There is a 10 to 20 per 
cent chance of later tuberculous involvement 
of the second kidney, but miliary tubercu- 
losis and pulmonary tuberculosis are the 
most serious dangers that these patients face. 


—The Diagnosis and Treatment of Chronic 
Tuberculosis of the Kidney, E. Beer, J. Am. 
M. Ass., June 8, 1929, xcit, 1912.—(G. L. L.) 


Tuberculous Pyonephrosis Diagnosed 
Spondylitis.—Report is given of a woman of 
34 years who for 14 years had had ill-defined 
symptoms of “bladder” trouble, with one 
year of pain in the lumbar region and for 
several months a fluctuating, nonpainful, 
noninflammatory abscess in the left flank, 
and pulmonary tuberculosis of the left upper 
lobe of the lung. There was tenderness of 
the lumbar spine and a diagnosis of tuber- 
culous spondylitis with psoas abscess. Pus 
was aspirated on several occasions. There 
was fever; several fistulae developed which 
discharged a thin, milky fluid. X-ray 
revealed normal vertebrae but showed a 
large shadow in the left kidney and cys- 
ag examination revealed a pyelonephro- 
sis. Extirpation of the left kidney was done. 
The organ was extensively diseased and 
calcified and there was a large perinephritic 
abscess.— Tuberkulise Pyonephrose, als spon- 
dylitischer Senkungsabsze behandelt, M. 
Kirschner, Deutsche med. Wchnschr., Novem- 
ber 8, 1929, lv, 1885.—( H. S. W.) 


Curettage in Tuberculous Epididy- 
mitis.—Certain Italian physicians have re- 
ported favorably upon treating tuberculous 


epididymitis by injecting small amounts of 
an iodide solution into the tuberculous nodule 
when this has not undergone caseation. If 
caseation has supervened the nodule is 
incised, the cheesy portion curetted out, and 
10 per cent iodoform and glycerine injected, 
these injections being repeated on the third 
and seventh days, as healing progresses. 
Nothing of this type has been done in this 
country, but five cases of curettage are 
reported by the author. It is a particularly 
desirable procedure in persons who have had 
one testicle removed because of tuberculo- 
sis, or some other disease. The operation 
consists of splitting the epididymis through- 
out its length, curetting out all the tubercu- 
lous foci and leaving the focus open with 
edges sutured to the skin. The wound 
remains open and heals very slowly. At 
eight or nine months usually a small tuber- 
culous nodule with a sinus is all that is left 
in the testicle, the remainder of the epidi- 
dymis having returned to its normal state. 
It is then fairly easy to excise the remaining 
areas of tuberculosis and leave an organ free 
from disease. Such a procedure is more 
satisfactory than the injection of iodides, if 
epididymectomy can be done. In a few 
cases bilateral epididymectomy or a vasot- 
omy on the sound side has been done even 
though the disease was confined to one side. 
This has been done prophylactically. In 
several cases in which no sterility existed on 
the nondiseased side, the latter was left 
intact, but within eighteen months of the 
operation two of three cases had developed 
a tuberculous epididymitis on the previously 
healthy side. In cases in which epididymec- 
tomy or vasotomy was performed pro- 
phylactically, no disease developed subse- 
quently. Protective removal of the sound 
epididymis is to be recommended.— The 
Treatment of Genital Tuberculosis, E. L. 
Keyes, Am. J. Surg., February, 1928, n. s. 
iv, 133—(H. S. W.) 


Atrophy of Testicles in Pulmonary 
Tuberculosis.—The author examined the 
testes of 26 men between the ages of 16 and 
49 years that died of pulmonary tuberculosis. 
The average weight of the testes was not 
obtained, and in 23 cases there was a definite 
atrophy while the interstitial tissues were fre- 
quently increased. The fat content of the 
testes was independent of the atrophic 
changes. Spermatablasts and spermatocytes 
were less harmed than the other cells.—Uber 
Hodenatrophie bei Lungentuberkulose, A. 
Sylla, Virchow’s Arch., 1928, cclxix, 480.— 
(HZ. J.C.) 


Primary Tuberculosis of Prostate.— 
This is a rare entity, according to all investi- 
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gators. Saxtorph in over 10,000 necropsies 
found only 9 examples, and Walker, in 1911, 
after a careful search, reported only 3 cases. 
While it is open to question to report a case 
on clinical evidence alone, the carefulness of 
observation and the follow-up records, show- 
ing several years with absence of symptoms 
after operation, appear to justify considera- 
tion of the case as primary prostatic tuber- 
culosis. Case Report: A man, aged 52, a 
weaver, was admitted to the Mary Fletcher 
Hospital complaining of frequent and diffi- 
cult urination. His symptoms dated back 
fifteen years, and were aggravated by riding 
in an automobile. Four weeks prior to 
admission he had acute retention, necessitat- 
ing catheterization. He appeared sick, 
undernourished, and had a pinched ex- 
pression. Examination was negative except 
for an enlarged nodular prostate. A two- 
stage suprapubic prostatectomy was done, 
enucleation being easy. Prior to discharge 
the lungs and genital tract were checked up 
and found negative. Two years and four 
months after operation the patient feels 
well and has no symptoms. The patho- 
logical examination showed tuberculosis and 
adenomatous hyperplasia of the gland.— 
Primary Tuberculosis of the Prostate, W. G. 
Townsend, New England J. M., May 23, 
1929, cc, 1085.—(A. P.) 


Tuberculosis of Uterine Adnexa.— 
Adnexal tuberculosis introduces many diff- 
culties into clinical diagnosis and every 
diagnostic aid should be drawn upon. The 
author describes an abdominal protective 
action found upon superficial palpation 
which he designates as a “subdefense”’ 
reaction. This reflex defense musculaire 
stands in close association with the involve- 
ment of the peritoneum in the tuberculous 
process. The absence of this symptom 
naturally does not speak against the presence 
of an adnexal tuberculosis.—Zur klinischen 
Diagnose der Adnextuberkulose, J. Braude, 
Centralbl. f. Gynakol., 1928, lii, 1848.— 
(H. J.C.) 


Primary Tuberculosis of Skin.—Of the 
types of cutaneous tuberculosis, the so called 
ulcus tuberculosum is one of the most char- 
acteristic. The ulcer is at first very shallow 
and crusty. Later it is filled with granula- 
tions, it bleeds easily, and the edges are 
irregular, undermined and thickened. The 
thick scale overlying the ulcer is frequently 
perforated by pinpoint openings through 
which pus may exude. The surrounding 
tissue is often oedematous. The surround- 
ing skin is pale blue. Ulcers develop 
especially in softer places of the skin and 
mucous membranes. Pressure with glass 


gives the impression of lupus spots espe- 
cially in the tissue surrounding the primary 
forms as far as 5 cm. away. The irregu- 
larity of this spread cannot be readily ex- 
plained by lymphatic dissemination. The 
disease (tuberculosis of skin) may be seen 
in a nonulcerative stage and ought to be 
thought of as primary because the areas 
drain to the regional lymph nodes. The 
regional nodes nearest the lesion sometimes 
escape swelling while those next in the line 
of drainage may be greatly involved; for 
instance, in tuberculosis of the hand, it may 
be the axillary and not the epitrochlear 
lymph nodes that become involved. There 
is frequently a widespread lymphadenitis of 
moderate degree, associated with this 
primary cutaneous disease. The site of the 
cutaneous lesions may be anywhere over the 
body, but it is more commonly the ex- 
tremities. The tuberculin reaction is almost 
always positive. Although this condition 
is very clear cut clinically, it offers very 
great difficulties to the pathologist. There is 
a nodular infiltration in the subcutis that 
progresses toward the epithelium which 
breaks down in ulcer formation. There is 
usually a surrounding fibrosis, which some- 
times undergoes destruction through the 
formation of areas of small-cell infiltration. 
In the early stages they do not differ from 
experimental tuberculosis in that there is 
more or less infiltration about blood-vessels. 
Secondary lesions in superficial tissues may 
evolve from the deeper primary foci. The 
histological picture is so varied that we must 
think that it rests upon special influences. 
The readiness of the tissues to react must 
depend upon endogenous factors as well as 
exogenous infection. With every case of 
primary tuberculosis of the skin, we must 
suspect the presence of visceral tuberculosis 
and ascertain if this be so before we can 
determine whether the disease is truly 
primary in the whole body, or only primary 
in the skin—Zur Klinik und Pathologie der 
primaren Hauttuberkulose, O. Dittrich, 
Deutsche med. Wchnschr., June 14, 1929, lv, 
996.—( H. S. W.) 


Primary Tuberculosis of Skin.—A case 
of primary skin tuberculosis originating as 
an ulcer of the perineum is reported in a 
5-month-old child. Regional lymph-node 
involvement occurred and both lesions re- 
vealed the histological structure of tubercu- 
losis. An intracutaneous injection of 0.000,- 
000,001 mgm. tuberculin was positive. Two 
months prior to this the Pirquet test was 
negative. The child died at 1} years of age 
with miliary tuberculosis and thrombosis of 
the left renal artery—Zur Kasuistik der 
primdren Hauttuberkulose, S. Levy, Beitr. 
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zs. Klin. d. Tuberk., 


1928, Ixx, 784.— 


Lupus Vulgaris.—Lupus vulgaris is not a 
superficial disease of the skin. It involves 
the lymphatics, superficial fat, and deep 
fascia, except in the very earliest lesions. 
About 50 per cent of these cases have some 
tuberculous infiltration of the mucous mem- 
branes of the nose and mouth. Excision is 
the method of choice in many early lesions. 
In the advanced cases of lupus, good results 
have been obtained by the Finsen’s light 
treatment.—Lupus Vulgaris, R. Hallam, 
Brit. M. J., November 16, 1929, no. 3593, 
885.—(W. I. W.) 


Case of Inoculation Lupus.—A 4-year- 
old boy, without clinical or roentgeno- 
logically manifest symptoms of tuberculosis, 
stepped on a rusty nail, from which a tuber- 
culous lesion developed, and within 10 to 
14 days there resulted tuberculous inguinal 
lymph nodes. The condition resembled 
that of a circumcision tuberculosis. The 


author reports a case as the only and first 
one in which a lupus vulgaris developed on 
a tuberculous primary complex of the skin. 
This is important in that it indicates that 
lupus can develop without the presence of a 
secondary or tertiary allergic condition in 


the body.—Uber einen Fall von Inokulations- 
lupus mit Beteilugung der regiondéren Driisen. 
(Zugleich ein Beitrag zur Frage des tuber- 
kulisen Primérkomplexes der Haut,) W. 
Gerling, Beitr. z. Klin. d. Tuberk., 1928, 
lxix, 1—(H. J.C.) 


Climate and Lupus Vulgaris.—During 
the course of 25 years’ experience in studying 
lupus vulgaris it was found that there was 
usually an improvement during the summer 
months, and this especially during the 
months of August and September, which 
was correlated with the amount of sunshine. 
The exacerbations of lupus occurred mostly 
in the months of February and the first 
half of March. The type of winter or sum- 
mer is significant for the grade of improve- 
ment or exacerbation: dry, warm, sun-rich 
summers and dry, cold, sun-rich winters 
are favorable for lupus, while moist, warm, 
sunny summers and wet, cold, mild winters 
are unfavorable.—Die Bedeutung von Jahres- 
zeit und Witterung fiir den Lupus Vulgaris, 
F. Veiel, Zeitschr. f. Tuberk., 1928, li, 129.— 


Skin Tuberculosis and Immunity.— 
The author attempts to elucidate the pro- 
tective mechanism occurring in lupus in that 
the serum from cases with tuberculides, 
spontaneously healing lupus and favorable 


types of internal tuberculosis was used, 
without, however, obtaining a_ beneficial 
effect in any cases with active skin tuberculo- 
sis. Even in favorable lupus cases it was not 
possible to produce lupus transplants in the 
skin, and it is therefore believed that the 
protective mechanism against tuberculosis in 
the skin is anchored to the cells and is not 
to be found in the blood or serum.— Haut- 
tuberkulose und Tuberkuloseimmunitat, P. 
Linser, Zeitschr. f. Tuberk., 1928, li, 124— 


Miliary Tuberculosis.—In the two cases 
reported two points as regards diagnosis are 
emphasized: (1) the importance of clinical 
familiarity with the disease and (2) the 
proper roentgenographic exposure. The first 
case was that of a girl twenty-one years old. 
The illness had a sudden onset, the tempera- 
ture was of the septic type, and all laboratory 
data were of little or no significance. Phy- 
sical and neurological findings during the 
first seven weeks were negative. A short 
while later, because of double vision, and the 
presence of 50 cells (lymphocytes) per cc. 
in the cerebrospinal fluid, a diagnosis of 
encephalitis lethargica was made. The first 
X-rays of the chest were overexposed and 
the diagnosis missed. A second set of films 
established the diagnosis of miliary tuber- 
culosis. Necropsy showed tuberculous 
meningoencephalitis. Tubercle bacilli were 
found in the cerebrospinal fluid. Post- 
mortem examination was not allowed. The 
second case was that of an infant aged four 
months. Though the family history was 
negative for tuberculosis and physical ex- 
amination revealed only a few rales in the 
chest, X-ray examination showed miliary 
tuberculosis. These cases teach us that a 
patient ill of acute miliary tuberculosis may 
not necessarily appear very sick even though 
he may be far advanced in the malady, and 
that with an overpenetrated or blurred plate 
the diagnosis is likely to be missed.— 
Errors in Diagnosis of Acute Miliary Tuber- 
culosis, M. J. Schroeder, Med. J. & Rec., 
July 17, 1929, cxxx, 65—(H. McL. R.) 


Treatment of Pulmonary Tuberculo- 
sis.—The three requisites for ultimate arrest 
of pulmonary tuberculosis are rest of body 
and mind, fresh air and a well balanced diet 
rich in calories. Postural rest tends to 
she~ten the stay in hospital, and facilitates 
healing, by splinting the diseased side and 
decreasing the diaphragmatic excursion and 
aeration of the lung. Artificial pneumo- 
thorax is indicated in unilateral progressive 
pulmonary disease that has not responded 
to a reasonable period of enforced rest; in 
severe or persistent pulmonary haemorrhage; 
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following the removal of fluid in massive 
pleural effusions; and in maintaining collapse 
of spontaneous pneumothorax. Pleural ad- 
hesions prevent success in more than 50 
per cent of suitable cases. Supplementary 
phrenicotomy is indicated in those cases in 
which adhesions prevent collapse of a lower 
lobe; also as an independent measure on the 
more diseased side when the extent of in- 
volvement of the other lung prohibits 
pneumothorax. Extrapleural thoracoplasty 
is indicated when the disease is essentially 
unilateral and productive and prolonged rest 
and pneumothorax have failed; in patients 
in whom there is reactivation following re- 
expansion of the lung after pneumothorax; 
in persistent haemorrhage when pneumo- 
thorax is impossible; and as a supplement to 
pneumothorax rendered incomplete by ad- 
hesions. It is contraindicated in active 
bilateral disease, in advancing caseous tuber- 
culosis, and when there is extensive tuber- 
culosis in other organs, nephritis, hepatic 
cirrhosis or serious cardiac involvement.— 
Modern Methods of Treatment of Pulmonary 
Tuberculosis, J. A. Sevier, J. Am. M. Ass., 
September 28, 1929, xciti, 982—(G. L. L.) 


Factors in Recovery from Tuberculo- 
sis.—The factors involved in recovery are 
many. In no other disease does recovery 
depend so much on the patient’s tem- 
perament. Individual resistance to tuber- 
culosis is probably the greatest single factor 
in recovery. No two individuals have this 
quality in the same degree. There is strong 
evidence that such resistance is related in 
some way to inherited family and racial 
characteristics. Another factor, that of 
financial standing, is becoming yearly of less 
importance, as a result of the more general 
recognition that tuberculosis is an economic 
problem as well as an infectious disease. 
The element of time is closely associated and 
bound up with these other factors, and while 
a favorable combination of factors may 
greatly shorten the time of cure, sufficient 
state and county aid should be provided to 
minimize the danger that follows too early 
return to work. Factors which materially 
aid or hinder the favorable outcome of the 
case regardless of favorable economic and 
temperamental factors are those relating to 
the lesion itself, the extent of the disease 
and when discovered, the time when diag- 
nosis was made, and the type of disease, 
whether acute or chronic.— Factors in Recov- 
ery from Tuberculosis, R. A. Peers, J. Am. 
M. Ass., November 9, 1929, xciiit, 1450.— 
iG; Ea E.) 


Uses and Limitations of Sanatoria.— 
In many of the great municipal tuberculosis 
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institutions the idea seems to prevail that 
the beds are for far-advanced hopeless cases. 
Such cases are given priority, and allowed to 
remain indefinitely, reaping the benefits of 
care and instruction that could well be 
applied in home treatment, while thousands 
in the community are denied the merest 
pretense of such care. Speeding up of 
activities and constructive innovations will 
aid in answering the problem in the sana- 
torium, asa patient receives more benefit from 
a few months’ stay in an institution in which 
he is subjected to active, scientific treat- 
ment than he will from a two years’ stay in 
a sanatorium in which indifference and 
passivity dominate. The patient should be 
well drilled with the physiological principles 
on which the regimen of rest, fresh air and 
food are based, so that he is well prepared to 
carry on at home after a shorter stay in the 
hospital. Absolute rest should be enforced 
when indicated, and the assignment of slight 
chores to patients is very often misguided 
economy, resulting in longer stay in the 
sanatorium, and perhaps the loss of chance for 
recovery. Exercise, when indicated, should 
be established on the basis of a medical 
prescription, carefully regulated and super- 
vised. Plenty of fresh air should be obtained 
without the disadvantage of cold and phys- 
ical discomfort. First-class quality in the 
food, scientific and painstaking preparation 
by a trained dietitian, and efficient service 
are essential. The merging of the old sana- 
torium plan into the general hospital plan 
requires changes in equipment and per- 
sonnel, the provision of modern operating 
rooms and equipment, and the appointment 
of a competent attending and consulting 
staff. The resident staff should be minutely 
schooled in diagnosis. A properly func- 
tioning consultant staff brings about a 
marked improvement in the morale of both 
nursing and medical personnel. When 
possible, it redounds greatly to the benefit 
of the medical profession and community 
for the consulting staff to give clinics on the 
various phases of tuberculosis to both 
graduate and undergraduate students. The 
sanatorium unit and the field-service unit 
should function harmoniously, with a view 
toward preserving, as far as possible, a 
sanatorium atmosphere in the home, both 
in the presanatorium and postsanatorium 
life of the patient. In furtherance of this 
scheme of codperation, the incidence of 
tuberculous and nontuberculous surgical 
complications among out-patients might be 
more carefully checked, and, when possible, 
the patient should be sent to the sanatorium 
for operation, to resume his home routine 
after a brief period of convalescence. In 
addition to this plan, the Chicago Municipal 
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Tuberculosis Sanitarium established a pneu- 
mothorax clinic at one of its centrally located 
dispensaries, in order to eliminate the in- 
judicious practice of requiring discharged 
patients to travel long distances for a refill — 
Uses and Limitations of Sanatoriums for 
the Tuberculous, B. Goldberg, J. Am. M. 
Ass., August 24, 1929, xciti, 586.—(G. L. L.) 


Dispensary Treatment of Tuberculo- 
sis.—The primary object of a tuberculosis 
scheme being the prevention of the spread 
of the disease, the dispensary must provide 
for the examination of doubtful cases and 
contacts. Constant supervision of cases is 
essential, and unless some form of treatment 
is given, patients cease to attend. If pos- 
sible, special forms of treatment not readily 
obtained from the general practitioner should 
be available. These include tuberculin, 
artificial pneumothorax and sanocrysin, all 
of which measures should have been begun 
in a sanatorium. Tuberculin treatment is 
considered a great asset to the dispensary 
physician. It frequently brings about 
marked improvement in the tuberculous 
adenitis of children. Furthermore, apart 
from the specific results obtained, the 
morale of patients receiving tuberculin is 
strengthened because they feel that some- 
thing is being done for them. Sanocrysin 
therapy should be controlled by urine analysis 
for albumin. Artificial-pneumothorax re- 
fills can easily be given if a couch is pro- 
vided for a period of rest after the refill, 
and if arrangements are made for an occa- 
sional X-ray examination. Dispensary 
treatment is not proposed as a substitute 
for sanatorium treatment, but as an adjunct 
to it. An average of two years of active 
treatment is necessary to secure quiescence 
of even the earliest cases, and by continuing 
special forms of treatment at the dispensary 
after the sanatorium residence the “return 
case’ may be prevented. Dispensary treat- 
ment is applicable only to ambulatory 
cases.— The Dispensary Treatment of Tuber- 
culosis, A. P. Ford, Brit. J. Tuberc., October, 
1929, xxiit, 193—(R. M. F.) 


Pulmonary Tuberculosis and Sport.— 
This article is essentially an answer to the 
paper by Nervegno in Klin. Wcehnschr., 
1929, xiz, 602. It is emphasized that any 
form of physical exertion, such as sport 
training, is usually dangerous for a tuber- 
culous patient, even after the disease is 
arrested. The damage, which may be 
caused by active sports in a patient with a 
minimal and arrested tuberculous process, is 
illustrated by the detailed history of one 
patient.— Lungentuberkulose und Sport, W. 
Markowicz, Klin. Wchnschr., June 25, 1929, 
xii, 1224.—(M. P.) 


Diet in Tuberculosis.—Personal letters 
were written to more than forty specialists 
on the subject in order to obtain opinions 
as to satisfactory dietary methods in tuber- 
culosis. While opinions varied widely in 
answering certain questions, in general the 
majority agreed upon the following prin- 
ciples: Lunches between meals are rarely 
advisable. The average patient enjoys his 
food more and takes more nourishment 
when he confines himself to three good meals 
daily. Eggnogs in any form at any time 
are strongly advised against as the surest 
way of upsetting the digestion. Raw eggs, 
if easily borne and if the patient is under- 
weight, do no harm and may do good, but 
they are not so digestible as cooked eggs and 
are rarely indicated. About one quart of 
milk daily, with meals, is the maximum 
amount that should be allowed. One glass of 
milk with each meal is usually sufficient. 
There are no special foods that need be 
emphasized. Fruit and green vegetables will 
help correct constipation; they contain vita- 
mines but little if any nourishment. Pota- 
toes, macaroni and rice contain much food 
value. The bowels should act once daily at 
least. A mild laxative once a week is often 
a valuable help if a diet with plenty of 
roughage is not enough. Five or six glasses 
of water daily with and between meals is 
advisable in every case. A rest before and 
especially after each meal is essential.— 
Diet in Tuberculosis, J. B. Hawes 2nd, J. 
Am. M. Ass., August 10, 1929, cxiii, 452.— 
£2. 


Basie Feeding in Tuberculosis.— 
Recent studies from Sauerbruch’s Clinic in 
Munich urge the curative value of a base- 
forming dietary low in sodium chloride, 
protein and carbohydrate, and rich in fats 
and vitamines. Clinical observations were 
made before and after such a basic dietary 
in 20 cases of far-advanced pulmonary 
tuberculosis over a period of six months at 
Saranac Lake. These patients had pre- 
viously failed to respond for a period of two 
or three years of routine treatment, and were 
between the ages of 22 and 33 years. The 
average dietary consisted of 3,500 calories. 
During the six months 8 patients gained 
substantially in weight, 10 showed marked 
diminution in the quantity of sputum but 
without loss of tubercle bacilli, 4 showed a 
loss of a slight constant fever, while 2 de- 
veloped fever. Eight patients showed defi- 
nite clearing in the lungs by physical and 
roentgen examination; two patients with 
intestinal tuberculosis lost symptoms; one 
did not respond. A diminution in fatigue, 
pains in the chest, and alimentary dis- 
turbances were conspicuous. ‘The acid-base 
equilibrium of the patients studied before 
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and after the dietary shifted toward the 
basic side, which result is in accord with 
similar studies made on rats maintained on 
acid-forming and base-forming diets, re- 
spectively. There were favorable results, 
therefore, in about one-third of the patients. 
It is possible, however, that the psychic 
element, the enforced rest, the wholesome 
food, its scrupulous preparation and careful 
cooking, and the individual service are factors 
that must be considered in a final analysis.— 
Basic (Vitamin) Feeding in Tuberculosis: 
Preliminary Report, E. Mayer and I. N. 
Kugelmass, J. Am. M. Ass., December 14, 
1929, xciti, 1856.—(G. L. L.) 


Salt-Free Diet in Pulmonary Tuber- 
culosis.—This report is published because 
recent newspaper publicity has created the 
impression that pulmonary tuberculosis may 
be successfully treated and even cured by 
mere dietary methods. Twenty patients 
have been treated in 1928, strictly according 
to the dietary regimen of the Sauerbruch 
clinic. Although a great deal of care was 
used in the preparation of the food, the 
majority of patients developed, sooner or 
later, a definite dislike for the diet. In 
five of the 20 patients, the phosphorus-cod- 
liver oil was omitted. The clinical histories 
of the 20 patients are briefly reported. The 
conclusions of this work are as follows: The 
pulmonary lesions were not influenced bene- 
ficially by the diet. In no case could a sig- 
nificant improvement be noted clinically or 
roentgenologically. In no case was aso called 
detoxication observed. The gain in weight 
did not exceed the one usually observed in 
sanatorium treatment; the codliver oil 
played, probably, a more important réle 
in this regard than the rest of the diet.— 
Erfahrungen mit der Gerson-Didt bei Lungen- 
tuberkulisen, E. Schwalm, Klin. Wchnschr., 
October 15, 1929, vitt, 1941.—(M. P.) 


Treatment of Tuberculosis by Limi- 
tation of Fluids.—Limitation of fluids in 
the treatment of tuberculosis is logical, 
especially when one considers the natural and 
artificial elimination in night-sweats and 
the sun-cure. One should support the 
patient in all ways possible. Irritation is 
brought about by alternating dehydration 
and hydrotherapy. Periodic administration 
of dry foods, and intermittent repeated 
lowering of the intake of salt and fluids, along 
with the accepted measures employed in 
general treatment, have produced gratifying 
results in patients with orthopaedic tuber- 
culosis. The progress in these cases was 


controlled by keeping weight curves and 
observing the sedimentation rate of the 
red blood cells. 


Because of the necessity 


of intermittent treatment, dry climates 
are not suitable. Favorable results follow 
two to four periods of “dry” cures. No 
injurious results were observed.—Ueber 
die intermittierende Fliissigkeitsbeschrankung 
(Trockenkostbehandlung) bei der Knochen 
und .Gelenktuberkulose, G. Karfiol, Deutsche 
med. Wchnschr., May 3, 1929, lv, 739.— 
(H. S. W.) 


Treatment of Pulmonary Tuberculo- 
sis by Dust Inhalation.—In view of the 
fact that lime or sulphur or their compounds 
in industry are associated with a rarity of 
tuberculosis among the workers, an inhala- 
tion therapy is suggested in which is used a 
powder prepared from calcium sulphate and 
calcium oxide in particles of 1-15 micra. 
The inhalations are administered daily 4 to 
6 times for 2-minute periods and increasing 
to 6 to 8 times for 5 to 8 minutes by means of 
a special apparatus described by the author. 
This method of treatment was used on 26 
cases of pulmonary tuberculosis, mostly in 
the second and third stages (Turban- 
Gehrhardt) or the Ranke II and III pro- 
ductive-exudative classification. The treat- 
ment was continued for 4 months and the 
cases have been observed for a year and 
a quarter. Silicosis was not observed in 
these cases roentgenologically. Improve- 
ment was noted in the roentgen findings, the 
haemogram, sedimentation reaction, the 
sputum, the temperature and the weight 
curve—Zur Frage der Bekimpfung der 
Lungentuberkulose durch Staubinhalation, H. 
Hennes, Beitr. 2. Klin. d. Tuberk., 1928, 
lxxi, 46—(H. J. C.) 


Action of Salt-Water Baths.—Light 
baths and salt-water baths possess a certain 
parallelism in action in that there is a libera- 
tion of calcium from the skin into the blood 
and this diminution of the calcium at the 
periphery diminishes the sympathetic-nerve 
action. Warm salt-water baths have a 
vagatonic and sympathetic hypotonic effect. 
Salt-water baths stimulate the skin and the 
action of the basal cells, especially in their 
immunizing power. The skin and internal 
organs influence each other in opposite ways, 
and thus is explained the stimulating effect 
of the skin upon the diseased organ.— - 
Wie wirken die Solbdder, A. Bretschneider, 
Zeitschr. f. Tuberk., 1929, 512.— 
J. 


After-Care of Tuberculosis Patients.— 
The spontaneous decline in the mortality 
from tuberculosis of the last two decades 
has been striking. Its causes are involved. 
It has been attributed by various writers to 
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(1) better living conditions, (2) tuberculiza- 
tion of the civilized races, ‘(3) organization 
and activity of the campaign against the 
disease and (4) weakening of virulence of the 
tubercle bacillus. Despite the gratifying 
decline, the battle against the disease must 
be unremitting. The death-rate may be 
reduced to an even greater extent by detec- 
tion and treatment of early cases, rigid 
isolation of the very ill, prophylactic vac- 
cination with BCG (possibly), removal of 
healthy infants from their environment, 
better following up of sanatorium patients 
after they return home, etc. The last propo- 
sition is of the greatest importance. It 
should consist in giving the sanatorium grad- 
uate occupation suitable in amount of effort 
and skill required, suitable as to hours of 
employment and to the capacity of the 
patient to work. The scheme of employ- 
ment-settlements or colonies such as the 
Papworth colony approach the ideal in after 
care and, in large numbers of instances, must 
lead from temporary to permanent cures. 
Such schemes do much to counteract the 
effect of the dismissed patients’ two worst 
enemies, namely; public opinion and eco- 
nomic necessity, for ordinarily the patient 
is expected to return to work (usually over- 
work for him) or lose the means of liveli- 
hood.—Wege der Lungentuberkulosebekéup- 
fung, mit besonderer Berticksichtigung der 


Nac hfiirsorge, Margarete Levy, Deutsche med. 


Wehnschr., June 21, 1929, lv, 1097.— 
(H. S. W.) 

Artificial Pheumothorax.—The greatest 
hazard of pneumothorax treatment, gas 
emboli into the pulmonary vein, can be prac- 
tically prevented if the needle is inserted 
only into the regions where healthy lung 
tissue is to be found as determined by exact 
clinical and roentgenological examinations. 
The main essentials in pneumothorax 
therapy are unobstructed manometer oscilla- 
tions and roentgen control before refilling. 
Not a compression but rather a collapse treat- 
ment should be aimed at. A perfectly 
working and properly dosed pneumothorax 
should leave no subjective symptoms. The 
exudates occurring in about one-third of the 
patients are mostly harmless, although the 
danger of rupture should be watched for. 
The presence of cavities does not necessarily 
indicate pneumothorax treatment as long as 
these show retrogression. Unsuited for 
pneumothorax treatment are all forms of 
severe intestinal and laryngeal tuberculosis, 
cardiac failure, severe diabetes, and serious 
kidney disturbances with the exception of 
renal tuberculosis.—Was leistet der kiinstliche 
Pneumothorax in der Behandlung der Lungen- 
tuberkulose, unter besonderer Beriicksichtigung 
der neueren Ergebnisse der Phthiseogenese, 
G. Baer, Zeitschr. f. Tuberk., 1928, li, 12.— 
5.45 
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Collapse Therapy in Tuberculosis.— 
Pneumothorax offers a great boon in pul- 
monary tuberculosis, especially if the disease 
is solely or predominantly unilateral. Cavi- 
ties may not be collapsible, however, and 
cause a continuation of tubercle bacilli in 
the sputum which always renders the even- 
tual outlook potentially grave. The pneu- 
molysis procedure of Jacobaeus very com- 
monly is of the greatest value in allowing the 
collapse to become complete, as is also 
phrenicotomy and thoracoplasty. Destruc- 
tion of the phrenic nerve by squeezing was 
done on 40 cases, in which from 12 to 30 cm. 
of the nerve was flattened. Two days 
following the operation the diaphragm be- 
came immobile and in high position and 
within a week it showed paradoxical move- 
ment. The operation is usually irreparable 
unless the nerve be traumatized in a com- 
paratively short segment. Ordinarily the 
temperature falls, sputum decreases in 
amount, and evidence of decrease of inflam- 
mation appears. But, if favorable results 
are to be forthcoming, the operation must 
be one of permanent and not transient 
nature. At times complications, such as 
haemoptysis, follow the operation. On the 
other hand, effusion in pneumothorax ap- 
pears less frequently when there has been a 
phrenicotomy than when this has not been 
done. Phrenicotomy without pneumotho- 
rax does but little good, particularly if there 
is a cavity in the upper lobe. In collapse 
therapy, it is much better to begin with 
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simple pneumothorax and resort to phrenic- 
otomy only as a recourse (without any great 
assurance of success). This may be followed 
by thoracoplasty, which is a serious proce- 
dure but, in competent hands, may restore 
the patient’s health. The latter operation 
should never be done when there is any 
disease on the contralateral side. The ap- 
pearance of disease in the contralateral lung 
after thoracoplasty or other collapse proce- 
dure not infrequently occurs. In this ex- 
tremity bilateral pneumothorax, even with 
all its dangers, may be tried. It sometimes 
yields very gratifying results. When refills 
are made alternately on the two sides, the 
immediate danger is less than when bilateral 
refills are made simultaneously. In bilateral 
pneumothorax there is some tendency to 
early development of exudate. This with 
the possibility of a spontaneous pneumo- 
thorax causes one to avoid simultaneous 
refills. Oleothorax has also had considerable 
vogue in the last few years. In this, steril- 
ized liquid (petrolatum or 0.5 per cent 
gomenol) is injected, particularly where 
thick-walled cavities are resistant to air 
pressure. It is not very dangerous, even in 
the presence of empyema. The introduction 
of iodide products with the oil does not pro- 
duce any favorable results. It irritates the 
pleura. In thickened pleurae it is not ab- 
sorbed. The permanent effect of oleothorax 
isnot known. It may sometimes be used as 
a substitute for thoracoplasty.— Fortschritte 
der Kollapsbehandlung der Lungentuberku- 
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lose, H. Scholz, Deutsche med. Wchnschr., 
March 22 and 29, 1929, lv, 486 and 533.— 
S. W.) 


Thoracie Surgery.—Modern principles 
in the treatment of acute empyema were 
clearly stated by Hippocrates. He advised 
cleanliness with no drainage until the 
fifteenth day, used irrigation, and recognized 
the necessity of keeping the wound open 
until the infection had subsided. From that 
time until the notable work of the Empyema 
Commission created in America as a result 
of the heavy mortality from haemolytic- 
streptococcus infection in military camps 
during the winter of 1917-1918, the treat- 
ment of empyema formed a ‘lamentable 
chapter in the history of medicine and 
surgery. For many yerxs repeated aspira- 
tion was the operation of choice. In 1872 
Bouchut reported a case in which the chest 
was punctured 122 times in eleven months. 
Graham, a member of the commission men- 
tioned above, pointed out the differences 
between empyema due to the streptococcus 
and that due to the pneumococcus. The 


variety due to the latter microérganism 
develops late and is soon walled off, while 
that due to the former appears early, gen- 
erally requires two to three weeks for the 
development of frank pus and localizing 


adhesions, and necessitates several aspira- 
tions to relieve symptoms during that time. 
Streptococcal empyema should not be re- 
garded as an acute surgical emergency re- 
quiring operation as soon as recognized, but 
in pneumococcal cases early operation is per- 
missible, and even advisable, for if too long 
delay occurs there will be thick, flaky masses 
in the exudate on both the parietal and 
visceral pleurae. As a result of these recom- 
mendations the mortality from empyema 
fell from a rate varying between 30 and 84 
per cent to 4.3 per cent. The methods of 
treating empyema are enumerated and dis- 
cussed. Briefly, they comprise (1) aspira- 
tion, which may be repeated or continuous, 
(2) drainage by closed methods (thoracotomy 
through an interspace or with rib-resection), 
and G) drainage by open methods. Bi- 
lateral, interlobar, apical, mesial and local- 
ized diaphragmatic forms of empyema are 
discussed. In considering chronic empyema 
the causes are given as follows: (1) too early 
opening in streptococcal cases, (2) delayed 
opening, (3) ineffective drainage, (4) en- 
trance of foreign bodies, (5) formation of a 
bony ring around the drainage-tube, (6) 
pocketing, and (7) bronchopleural fistula. 
A survey of the operative procedures in the 
treatment of this condition includes the 
methods of Estlander (who in 1879 intro- 
duced the thoracoplastic operation which has 


since borne his name), Schede, Delorme, 
Fowler, Ransohoff and Keller. Tuberculous 
empyema is a term applied to several condi- 
tions: J: A serous, tuberculous effusion that 
becomes chronic and eventually purulent. 
2: An effusion that develops during the 
course of artificial pneumothorax and be- 
comes purulent. 3: Pyopneumothorax from 
lung puncture, rupture of adhesions (es- 
pecially if positive pressures have been used), 
spontaneous rupture of a subpleural focus 
of caseation or of a cavity, or from rupture of 
a pyopneumothorax through the visceral 
pleura into a bronchus. The added risk of 
secondary infection is particularly serious 
in the last two conditions, and the outlook 
is extremely grave. Because of the notably 
high mortality in cases in which purulent 
effusion occurs, Burrell recommends wash- 
ings with 1 in 5000 methylene-blue solution 
and aspirations to try to get the lung to 
expand. If the pus is too thick to aspirate 
he introduces 20 cc. of Gauvain’s modifying 
fluid (guaiacol 2 gm., creosote 2 gm., iodo- 
form 5 gm., ether 10 gm., sterile olive oil 
100 cc.) and after twenty-four hours the 
fluid can generally be aspirated easily. If 
there is no reéxpansion, thoracoplasty is 
advised. The same procedure is carried out 
for spontaneous pneumothorax when pus 
forms. Another form of treatment is by 
oleothorax, the injection of 400 to 600 cc. of 
sterile olive oil or liquid paraffine to which 
oil of gomenol is added in strengths of 5 to 
20 per cent, with simultaneous withdrawal 
of air, fluid or pus. The introduction of oil 
into the pleural cavity was first employed by 
Weill in 1918 for pyothorax. Oleothorax 
has also been recommended (1) to obviate 
frequent refills in artifjcial-pneumothorax 
treatment, (2) to limit or prevent adhesions, 
and (3) to delay the progress of obliterative 
pneumothorax. Haemothorax and wounds 
of the pleura and lungs are discussed. 
Tumors of the pleura may be simple, such as 
lipoma, fibroma and perhaps enchondroma, 
or malignant, of which the chief varieties 
are endothelioma and sarcoma of various 
kinds. Malignant tumors of the pleura are 
rarely diagnosed at a stage when operation 
is practicable. The chief mediastinal condi- 
tions requiring the surgeon’s aid are (1) 
suppurative mediastinitis, resulting from 
trauma, penetrating wounds, extension from 
disease of the sternum, vertebrae, ribs, lungs, 
pericardium, pleura or peritoneum, and 
tuberculous mediastinal lymph nodes; (2) 
mediastinal tumors and cysts, as goitre, 
lipoma, chondroma, myoma, fibroma, osteo- 
chondroma, ganglioneuroma, sarcoma, der- 
moid and teratoma; and (3) mediastinal em- 
physema, resulting from injury to the trachea 
or bronchi. The superior and anterior 
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mediastina are readily exposed by splitting 
the sternum (anterior mediastinotomy), first 
described by Milton of Cairo in1897. The 
posterior mediastinum can be reached by an 
operation in which ribs are divided and 
shingled one upon another after certain 
sections have been removed (Lilienthal’s 
modification of the older operations of 
Bryant and Enderlen). The mediastinum 
can also be reached by a transpleural route 
after thoracotomy.—A Medical Review of 
the Surgery of the Chest. Lecture III.— 
Surgery in Pleural and Mediastinal Condi- 
tions, R. A. Young, Lancet, April 20, 1929, 
ccxvi, 805.—(E. H. K.) 


Thoracie Surgery.—lIt is the opinion of 
the author that practically every patient 
with unilateral tuberculosis should be given 
some form of compression therapy. In those 
cases in which it seems that either artificial 
pneumothorax or a phrenic operation may 
be used with equal benefit, the latter is 
probably more desirable. Rest is the pre- 
dominant factor in treatment, and at least a 
crushing of the nerve should always be done 
in those lesions not active or extensive 
enough to warrant pneumothorax therapy, 
but in which the added rest will give more 
assurance of their healing. In patients with 
exudative, rapidly spreading lesions, phrenic 
operations should not be considered, pneu- 
mothorax being preferable; but should the 
same lesion be seen after the activity sub- 
sides and only a soft-walled cavity remain, 
a crushing may be done. Frequent roent- 
genological examinations should be made, 
and if the area shows no evidence of improve- 
ment within a reasonable time artificial 
pneumothorax should be attempted. In 
uncontrollable haemorrhage, even in bi- 
lateral lesions, if pneumothorax is not 
possible, a crushing or an exairesis should be 
done on the side where the bleeding occurs. 
A crushing operation is preferable to exairesis 
in those cases in which there is a suspicious 
lesion in the contralateral lung and compres- 
sion of the diseased lung by pneumothorax 
is impossible because of pleural adhesions. 
Crushing is useful before upper-stage 
thoracoplasty for apical cavities, in the 
absence of disease in the remainder of the 
lung, giving temporary compression to the 
lower lung and added protection against 
aspiration pneumonia without permanent 
loss of diaphragm function. In early non- 
tuberculous lung abscess that is not clearing 
after a few weeks of bed-rest, postural drain- 
age and bronchoscopy, a crushing should be 
done to secure added rest and compression. 
In old chronic lung abscess and bronchiec- 
tasis, phrenicectomy should be done before 
more radical procedures are used. An 


exairesis is desirable before reéxpansion is 
permitted in the case of successful pneumo- 
thorax therapy in which the lung has been 
kept down for several years. In basilar 
tuberculosis startling results are occasionally 
seen from phrenicectomy; but these lesions 
must be carefully watched and any spread 
checked with pneumothorax therapy. 
Phrenicectomy is a useful adjunct to pneu- 
mothorax when lateral or apical adhesions 
prevent proper collapse of cavities, especially 
if the base of the lung be adherent at the 
same time to the diaphragm, for the resulting 
relaxation often permits further collapse of 
the lung with pneumothorax. An exairesis 
is indicated as a preliminary measure to 
upper-stage thoracoplasty where there are 
apical cavities and considerable infiltration 
in the remainder of the lung. In certain 
cases where lateral or apical adhesions pre- 
vent proper collapse of the lung, even after 
phrenicectomy, because they are too thick 
to be stretched by repeated refills with air, 
an intrapleural pneumolysis is desirable. 
The author prefers the open method to the 
closed method of Jacobaeus. Probably most 
of the failures attributed to the open method 
are due to the fact that the pleura is opened 
by an incision between the ribs, the pleural 
space being lost because of inability to suture 
the pleura properly. To overcome this 
difficulty the incision should be made down 
to the rib nearest the adhesion to be cut, and 
about 6 cm. of it removed subperiosteally. 
After perfect haemostasis the incision can be 
made through periosteum and pleura, giving 
tissue of greater thickness to suture. A 
small sized Cameron light provides illumina- 
tion of the pleural cavity during the opera- 
tion, and a tonsil needle is used to place 
sutures around the adhesions before severing 
by means of the cautery.—Surgery of the 
Phrenic Nerve and Intrapleural Pneumolysis, 
E. J. O’Brien, J. Am. M. Ass., February 9, 
1929, xcii, 463.—(G. L. L.) 


Surgery of Lung.—Trauma to the lung 
does, in the majority of cases, not require 
any surgical procedure. If pneumothorax 
with increasing intrapleural pressure results, 
suture of the pulmonary pleura may be neces- 
sary in order to prevent mediastinal em- 
physema. Ligature of bleeding vessels must 
be performed if haemothorax with progres- 
sive anaemia occurs. On account of the 
danger of late haemorrhages, patients should 
be kept in bed for at least three weeks follow- 
ing the injury. Purulent lesions of the 
lung may follow the inspiration of small 
foreign bodies, they may be produced by 
septic emboli following abortion, they may 
follow typhoid fever, they may be extensions 
from infected neighboring structures; but 
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the majority of all pulmonary abscesses are 
metapneumonic. Abscesses are frequently 
hidden behind empyemas. The odor of the 
sputum permits usually of making the 
differential diagnosis between abscess and 
gangrene. Spontaneous healing occurs in 
some cases when the conditions for natural 
drainage are good. Under no condition 
should abscesses be punctured, because 
empyema will result in the absence of pleural 
adhesions. Gangrene may be treated with 
favorable results with salvarsan. The ma- 
jority of abscesses must be treated surgically. 
In gangrene early operation is indicated; in 
abscesses one should wait until the lesion is 
well demarcated, which requires usually six 
to eight weeks. After this time, direct 
drainage should be done. A_ two-stage 
operation is necessary in the absence of 
pleural adhesions. A special form of puru- 
lent inflammation is bronchiectasis. Many 
of the diffuse bilateral lesions are congenital. 
Others follow chronic retracting processes. 
In postpneumonic bronchiectasis, extra- 
pleural thoracoplasty yields frequently ex- 
cellent results. Active surgery is always 
indicated in echinococcic infection of the 
lung. In the surgical treatment of pulmo- 
nary tuberculosis, the chief object is to 
obliterate cavities, which may be done by 
pneumothorax, phrenicectomy, or extra- 


pleural thoracoplasty. Paravertebral resec- 
tions, according to Sauerbruch’s methods, 
are preferable to the large resections as 
advocated by Brauer and Friedrich—Lun- 
genchirurgie, insbesonders bei Lungeneiterun- 
gen, G. Lotheissen, Wien. klin. Wchnschr., 
October 3, 1929, xlii, 1295.—(M. P.) 


Surgery of Oesophagus and Lungs.— 
For intrathoracic surgery a differential pres- 
sure apparatus is necessary. The inexpen- 
sive and simple apparatus used in Leyden 
is described and illustrated. Differential 
pressure by intratracheal insufflation was 
first described by Vesalius in 1543. The 
radical cure of carcinoma of the oesophagus 
by operation is discussed and hope expressed 
that with improving technique the operative 
mortality may be reduced. A condition 
often mistaken for carcinoma is cardiospasm. 
A typical X-ray picture of the latter condi- 
tion shows a dilated oesophagus, the dilata- 
tion reaching down to the lower aspect of the 
diaphragm and being succeeded by a thin 
shadow, some centimetres in length, before 
the gastric shadow is reached. The needle- 
shaped end of the shadow is of great diag- 
nostic importance; it corresponds with the 
intraibdominal part of the oesophagus. The 
rest position of the subdiaphragmatic part 
of the oesophagus is closure, its function 
being to open, and the opening muscles are 


the longitudinal musculature of the ab- 
dominal part, continuous with the gastric 
muscle. In the ptotic type of patient, in 
whom cardiospasm (so called) is most com- 
mon, the opening muscles are in a bad state 
for their work. If the moving force of the 
upper part can overcome the resistance of 
the cardiac part the patient has almost no 
symptoms. In another variety of so called 
cardiospasm there is a high degree of gastric 
pneumatosis, but no true spasm. The 
surgical treatment of bronchiectasis consists 
of a series of stages of treatment. The 
condition may be cured at any stage, but 
each operation lessens the danger of the 
succeeding one if this is unavoidable. The 
first is phrenic exairesis, the second a com- 
plete thoracoplasty with removal of peri- 
osteum and intercostal muscles. The final 
stage may take the form of either of two 
procedures: extirpation of the lobe or its slow 
destruction by burning.—Surgery of the 
Esophagus and Lungs, J. H. Zaaijer, Lancet, 
May 4, 1929, ccxvi, 910.—(B. T. McM.) 


Thoracoplasty.—The author emphasizes 
the importance of determining the function 
of the heart before performing thoracoplasty. 
The prognosis of the procedure is better the 
shorter the period of intoxication. A 4- to 
5-year period of disease makes the prognosis 
less favorable and 10 years of intoxication 
are the limit of operative risk. In the indi- 
cations for thoracoplasty too much fear for 
the healthy side should not exist. A ma- 
terial of 70 operations is reviewed, with a 
mortality of only 3 cases which were refer- 
able to cardiac insufficiency. The author 
emphasizes the proper evaluation of cases 
and early operation before toxic changes 
have affected all the organs.—Grundsdtzliches 
zur Thorakoplastik, H. Jessen, Zeitschr. f. 
Tuberk., 1928, lit, 369.—( H. J. C.) 


Pleural Complications of Artificial 
Pneumothorax.—According to Dumarest 
febrile pleurisies occur in 25 to 30 per cent 
of the unfavorable cases. It is our duty to 
get the maximum effect from artificial 
pneumothorax. It is more and more widely 
practised, but too often, unfortunately, by 
the inexperienced or those a little too busy, 
who forget that the pneumothorax cure is 
made up of details and niceties, and that 
failure to observe a rigorous and scrupulous 
technique may have most unfortunate con- 
sequences for the patient. Pleural complica- 
tions have been particularly noted. Burnand 
and Rossel made a study of serofibrinous 
pleurisy in pneumothorax covering nearly 
five years of observations, 1916-1920. They 
have found that in the last few years these 
pleurisies tended to be much less severe. 
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Parallel tables are shown for 1920 and for 
1928, each comprising 50 patients personally 
followed, the first group at the “Popular 
Sanatorium” at Leysin, the second for from 
six months to five years at the Neufchatel 
Sanatorium. The number of febrile pleurisies 
was exactly cut in half in the latter group, 
and the number of considerable exudates 
reduced from 27 to 12. Only 4 required 
puncture among the 1928 group, as compared 
with 20 in 1920. Under the term febrile 
pleurisies were included all with elevation of 
temperature greater than 37.6°C. Febrile 
pleurisies in 1920 occurred in 56 per cent, in 
1928 in 28 percent. Fever is not a matter of 
indifference. Every febrile exacerbation di- 
minishes general resistance and it is not rare 
to see a bilateralization or a previously 
latent tuberculous enteritis flare up under 
such conditions. Again, in a patient at work 
fever causes prolonged absence from his 
occupation, and is a source of annoyance 
and anxiety. Febrile and copious exudates 
frequently entail the double menace of ad- 
hesions and purulent transformation and 
later that of reactivations. In this study 
exudates were counted as slight (non- 
abundant), which never went higher than 
the level of the diaphragmatic cupola. 
Dumarest formerly thought that a pleura 
once infected was very liable to undergo 
the changes characteristic of a tuberculous 
exudate, yet of 36 benign pleurisies in the 
recent series only 3 developed considerable 
exudate. Rossel’s opinion of the indica- 
tions for aspiration has not changed: that is, 
every exudate, voluminous or not, which 
after a period of increase remains stationary 
for two or three months, with no tendency 
to spontaneous resorption, should be as- 
pirated. To what are due the less frequent 
and grave complications, compared with the 
first series? First, the use of the lowest 
possible pressure, a point on which all ex- 
perienced phthisiologists are in accord. But 
in addition there are two other important 
precautions. It is striking to note how often 
a febrile exacerbation coincides with an 
insufflation. Sticking a needle in the chest 
in such instances seems like poking a cane 
into an ant-hill. These reactions may fol- 
low every refill, the patient in the interim 
remaining absolutely afebrile. Curiously 
enough, by giving a very slow insufflation 
such reactions can often be reduced or 
abolished. In patients with a “sensitive 
pleura” such treatment works like magic. 
The explanation probably lies in the rapidity 
with which a lung is obliged to retract, or in 
the difference between tearing and slowly 
stretching adhesions. Again, one should be 
cautious in the presence of slight unex- 
plained rises of temperature. Often these 


signify an inflammatory state of the pleura, 
microbic or toxic. If at this time an in- 
sufflation is given, one sees a classical picture 
of pleurisy develop. It should be the rule 
with every pneumothorax patient, when the 
temperature begins to oscillate, to suspecta 
pleural exacerbation, and daily fluoroscopic 
examinations should be made. Usually 
some small quantity of fluid will appear in 
the pleural cul-de-sac. Under such condi- 
tions one should abstain from refills and not 
return to them until the temperature has 
resumed its former level for at least five or 
six days. It is indeed true that in recent 
cases, in which the temperature is unstable, 
temperature rises may be more difficult to 
interpret, as one may be dealing with 
activity in an insufficiently collapsed lung. 
One cannot, however, eliminate pleurisy as 
a cause even though no fluid is seen on 
fluoroscopy. It is better when in doubt to 
suspend operations six to ten days, as the 
danger of adhesions occurring within this 
short time is less than of stirring up a violent 
pleural reaction. Inopportune refills may 
not only injure but even menace the life 
of the patient. Even reéxpansion of the 
lung, or maintenance of a negative pressure, 
does not preclude pleurisy, although von 
Muralt’s sign, an intrapleural pressure higher 
than or as high as the preceding terminal 
pressure, is very significant when present. 
The explanation of a low intrapleural pres- 
sure in the presence of pleurisy is that the 
initial hyperaemia of the serosa facilitates 
absorption. Rossel, in concluding, is con- 
vinced that the traumatizing effect of 
insufflation has been underestimated, es- 
pecially in febrile pleurisies. Since the prac- 
tice of slower insufflations, with more careful 
regard for the temperature, severe pleural 
complications have become strikingly less. 
Rossel emphasizes the point that it is 
individualization and observance of niceties 
in technique that assure the success of 
pneumothorax treatment.—Comment on peut 
diminuer la gravité des complications pleurales 
du pneumothorax artificiel, G. Rossel, Rev. d. 
l. Tuberc., December, 1928, ix, 909.—(A. P.) 


Effusions in Artificial Pneumothorax. 
—A case is reported in elucidation of 
exudate formation during pneumothorax 
treatment. In the case described there 
occurred a serous exudation in the pleura 
following every introduction of nitrogen, 
and in the interval there was a marked 
diminution as the result of resorption. Since 
the nitrogen resorption was only slight, 
bimonthly intervals between fillings were 
possible and in this time the exudate would 
completely resorb. The conclusion is drawn 
that in this case the tutocain anaesthesia 


| 

i 

i} 

q 

( 

be 
% 


54 THE AMERICAN REVIEW OF TUBERCULOSIS 


was responsible for an anaphylaxis of the 
pleura which occasioned the exudate forma- 
tion.— Kasutstischer Beitrag zur Frage der 
Entstehung der exsudativen Pleuritis bet der 
Pneumothoraxtherapie, R. Menzel, Beitr. 2. 
Klin. d. Tuberk., 1928, lxix, 488.—(H. J.C.) 


Treatment of Exudates of Artificial 
Pneumothorax.—The one used goes under 
the name of Neptal, preparation 440-B of 
Poulenc. Fifteen cases were treated, with 
injections at two or three days’ intervals. 
Results were as follows: A: Injection with- 
out Preliminary Puncture: 1: Exudates in 
Active Evolution: There was no discernible 
effect, the exudates continuing to increase 
(5 cases). 2: Older Stationary Exudates: 
7 cases, purulent in 3. No tendency to 
resorption was noted after administration of 
the diuretic. B: Diuretic Injections Fol- 
lowing Puncture: 4 cases. In two of recent 
appearance there was no effect. In the 
other two, after a second puncture and 
injection, there was no further reformation. 
The effects of the diuretic, apart from the 
puncture, are difficult to estimate. In at 


least one patient the medicament may have 
been of service, since prior to its adminis- 
tration bimonthly punctures had been neces- 
sary. Accessory Effects: No appreciable pul- 
monary reactions occurred. Several patients 
had transitory nausea and vomiting, usually 


after the second injection. The occurrence 
of these phenomena in patients already low 
in weight has led to the abandonment of the 
method in those in poor general condition 
who suddenly develop an exudate, with the 
usual symptoms of “crisis.’”? Conclusions: 
Injection of mercurial diuretics seems of 
little benefit in the treatment of artificial- 
pneumothorax exudates, neither checking 
those in formation nor provoking spontane- 
ous resorption of old stationary exudates. 
Practised after evacuation of these by 
puncture it may enable one to space the 
punctures further apart or to avoid them 
altogether.—Essai de traitement des épanche- 
ments du pneumothorax thérapeutique par un 
diurétique mercuriel, E. Olbrechts, Rev. Belge 
d. 1. Tuberc., July-August, 1928, xix, 171.— 
(A. P.) 


Pneumothorax or Transfusion for 
Haemoptysis.—Falloise and Olbrechts in a 
recent paper report certain cases, conclud- 
ing: J: That pneumothorax is a very good 
means of checking grave or recurrent 
haemoptysis. 2: That, however, it does 
not work in certain cases. 3: That even 
pneumothorax may be the cause of serious 
haemorrhages. Its indications have been 
well given by Kindberg in his recent book. 
However, if the patient is profoundly 


anaemic, tired, and with diminished resist- 
ance, Misson hesitates to apply it and prefers 
blood transfusion, which is easier to perform, 
less fatiguing and definitely haemostatic. 
If this does not check the bleeding pneumo- 
thorax is resorted to. Three cases are cited 
in which the patient responded excellently 
to transfusions of 300 to 400 cc. of citrated 
blood and he does not believe pneumothorax 
would have caused such marked improve- 
ment.—Pneumothorax ou transfusion dans 
les hémoptysies, Misson, Rev. Belge d. 1. 
Tuberc., July-August, 1928, xix, 169.— 
(A. P.) 


Temperature of Gas in Artificial 
Pneumothorax.—The temperature of the 
gas used for artificial pneumothorax is con- 
sidered of importance by the author. The 
room-temperature gas is considered to be 
slightly more irritating to the pleura than 
that introduced at body temperature. The 
author presents an electrical apparatus which 
warms the gas to 40° and also controls this 
temperature during introduction. Reactions 
are less frequent and of milder and shorter 
duration when they do occur.—Zur Frage 
nach der Wirkung, welche die Temperatur 
des bei dem kiinstlichen Pneumothorax in 
den Pleuraraum eingefiihrien Gases hat. Ein 
Apparat zur Erwirmung des bei kiinstlichem 
Pneumothorax enzuftihrenden Gases, A. J. 
Berlin, Beitr. z. Klin. d. Tuberk., 1928 
lax, 685—(H. J. C.) 


Oleothorax.—Bernou’s work on oleo- 
thorax provoked such favorable comment 
that the measure was widely practised and 
with its increasing use the incidence of its 
failure mounted. Thecause of many failures 
was asking unduly of it and faulty technique. 
The efficacy of this treatment in cases of 
purulent hydropneumothorax, either tuber- 
culous or secondarily infected, is generally 
admitted. It has been most adversely 
criticized as being a causative agent in 
pleuropulmonary perforations. Kiiss and 
Bernou advocate high-pressure oleothorax, 
but there is evidence that it is of doubtful 
value and may be quite dangerous. Pneu- 
mothorax does not act by compression alone; 
its chief cbject is to favor spontaneous 
retraction of the diseased parenchyma. 
Elaborate techniques in administering oleo- 
thorax are decried and a simple one 
advocated. A small amount of the oil is 
first given to determine the patient’s toler- 
anceforit. If there is no untoward reaction, 
200 cc. are then given. This dose is never 
exceeded and subsequent refills are usually 
100 cc. Because of its incompressibility 
oleothorax even in neutral pressure exerts 
more compression and stays at a more 
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constant pressure than pneumothorax. 
Hence it is more effective than pneumo- 
thorax because it favors pleuropulmonary 
retraction. One case is reported in which, 
during a period of a year, pneumothorax 
was inefficient in collapsing the lung, but 
oleothorax in neutral pressure brought about 
the desired result in five months. A case is 
cited in which progressive symphysis of the 
pleura, taking place in spite of repeated 
refills of air, was arrested by oleothorax. 
In such cases the oil is used for blockage 
rather than compression. Suppression or 
compression oleothorax is not only apt to 
cause perforation, but it also gives rise to 
pain, dyspnoea, by displacing the mediasti- 
num, digestive troubles, anorexia, and loss of 
weight. A dangerous feature is involuntary 
compression caused by the development of a 
pleural exudate under the oil. In cases of 
spontaneous pneumothorax where the rent in 
the lung is small oleothorax in neutral pres- 
sure may fill up the rent and bring about 
healing. Where the opening is large, thora- 
coplasty is the proper measure and oleo- 
thorax is contraindicated. Favorable results 
have been reported resulting from a com- 
bination of phrenicectomy and oleothorax, 
but this is a bad combination, as the weight 
of the oil and its incompressibility hinder 
the ascent of the diaphragm. Conclusions: 
Oleothorax is no more free from danger than 
any other method of collapse therapy when it 
is used to bring about active compression. 
The permanence of the tension which the oil 
confers and its incompressibility are sufficient 
in neutral pressure to favor spontaneous 
pleuropulmonary retraction in cases in 
which gaseous collapse, essentially elastic 
compression, shows itself inoperable. It is 
claimed that oleothorax in neutral pressure 
is efficacious in obliterating a cavity or a 
midlung lesion which resists compression by 
air, and that it is equally valuable in pre- 
venting progressive pleural symphysis super- 
vening in the course of a pneumothorax. 
Besides, it is useful as a disinfectant in 
purulent pleural exudates complicating pneu- 
mothorax. When these exudates are the 
result of pleural fissuration, oleothorax main- 
tained in neutral or negative pressure dries 
the pleura and facilitates its cicatrization. 
But, if a large perforation exists with an 
extensive and active pulmonary lesion, 
oleothorax must immediately give place to 
thoracoplasty. When in the course of an 
oleothorax the patient complains of tasting 
the gomenol, or if he expectorates the oil, it is 
important to withdraw the oil immediately 
and cause decompression in order to avoid 
enlarging the pleural rent. When the rent 
is of small calibre and the subjacent lung 
well collapsed over a long period of time and 


apparently healed, oleothorax maintained in 
negative pressure can favor the obliteration 
of the fistula by drying up and cicatrization 
of the pleura, thus eliminating the need of 
thoracoplasty. It is affirmed that in any 
case oleothorax must not be envisaged as a 
strongly compressive agent. Forcing oleo- 
thorax is flying in the face of disaster and 
abusing a method which, properly carried 
out, is excellent. Oleothorax, in neutral 
pressure, as it should be done and main- 
tained, presents a minimum of danger. 
Furthermore, it is capable of an extremely 
favorable action in cases where gaseous 
collapse is ineffectual. Because of this fact 
an important place must be preserved for it 
among the methods of collapse therapy, 
provided more is not demanded of it than it 
can give—A propos de Voléothorax, J. 
Torin and F. Bouessée, Ann. d. Méd., 
April, 1929, xxv, 330.—(B. T. McM.) 


Oleothorax.—In 1922 Bernou introduced 
this therapeutic measure and his later pub- 
lications have attracted attention, together 
with considerable criticism and resistance. 
Most of the failures or poor results, which 
are undeniable, are due to preéxisting cir- 
cumstances for which the method is in no 
way responsible. One of the clearest in- 
dications is (A) aggravation, under the 
influence of a pleural exudate, of tubercu- 
losis with cavity treated by artificial pneu- 
mothorax. The toxi-infectious phenomena, 
together with the obstacles to cavity com- 
pression, lead one to create an oleothorax. 
In many cases the immediate result is excel- 
lent, but after more or less of an interval 
the temperature curve again rises, and symp- 
toms of cavity suppuration return in spite of 
increased pressure of the oil and frequency 
of injection. The real causes for this lie in 
important transformations produced in the 
visceral and parietal pleurae during the pro- 
longed evolution of the exudate. Oleothorax 
will not suppress the dangers due to an 
invincible refractile tendency of a tuber- 
culized pleura and will not then prevent 
opening up of a cavity or cavities. However, 
time has been gained and the general condi- 
tion ameliorated, which advantages are not 
negligible. The opportune moment to inter- 
vene should be sought with the idea of pre- 
venting bacillary exudates from remaining 
permanently in the pleura, because they 
perpetuate a chronic pleurisy with thicken- 
ing and tuberculization of the pleura. A 
definite contraindication to oleothorax is 
(B) pulmonary perforation allowing oil to 
escape into the bronchi. Even a minute 
perforation is dangerous and there is always 
risk of increasing it by increasing the oil 
pressure in the pleura. However, in cases 
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consecutive to tuberculous pleurisy and 
evolution of small cortical caseous areas, it 
is important not to let the pleura macerate 
in a richly bacillary liquid. Here one feels 
that earlier employment of oleothorax might 
have prevented the development of such 
lesions. Cases Suitable for Oleothorax: 1: 
Progressively Obliterative Symphyses Com- 
plicating Artificial Pneumothorax: Doubt- 
less these may be combatted by increasing 
gas pressures, but this can only be done in a 
sanatorium and is less effective than oleo- 
thorax, as the gas pressures rapidly fall, 
even in thickened pleurae, and must be fre- 
quently renewed, while the pressure of oil 
is more stable and permanent. The oil has 
also the advantage of being antiseptic. It 
is quite unreasonable to expect oleothorax to 
prevent an imminent pleural symphysis, but 
it can keep apart separated surfaces better 
than pneumothorax, hence the term used by 
Bernou, “oily blockage of the pleura.” 
Bernou, however, was strongly opposed to 
the use of pressure, believing that it favored 
fistulization. Kiiss, on the other hand, has 
since 1923 employed and advocated the use 
of pressures even up to 35 cm. of oil, to 
prevent or check progressive pleural sym- 
physis. The incompressibility of oil is a 
great advantage over air or gas; it is, how- 
ever, absorbable even in the case of pure 


paraffine, and more so in the case of olive 
oil, especially when under pressure. 2: 
Cases of Pneumothorax with Unsatisfactory 
Collapse of Lesions, Especially Cavities: 
Most of these are favorably influenced by 
strongly compressive oleothorax, which exerts 
a relatively permanent and stable pressure 


as compared with gas. Two cases in point 
are cited, with diagrams. 3: Cases of 
Ineffective Pneumothorax due to Lax Medi- 
astinum: Most of these respond well to 
slightly positive oleothorax. It may be 
thought that any oleothorax must exert a 
positive pressure, due to its weight, but this 
is not so, because the “elastic tension” 
of the lung enters into the determination of 
the “pleural space,” and the quantity of 
liquid may be insufficient to overcome this 
elastic traction, in which case we have a low 
or negative pressure oleothorax. An oleo- 
thorax, even with pure parafline, promotes a 
certain amount of pleural thickening which 
is of advantage in these cases, and this 
effect is enhanced by adding gomenol or 
eucalyptol. It must be remembered that in 
beginning treatment a small quantity of 
gomenolated paraffine may be irritant and 
cause a painful pleural reaction, hence it is 
better to begin with pure paraffine. Low- 
pressure oleothorax has also been success- 
fully used on bronchiectasis, after the failure 
of ordinary pneumothorax, and one such 


case, previously of long standing, is reported. 
4: Pleurisies of Artificial Pneumothorax: 
Recurrent Bacillary Pleurisies: Many exu- 
dates, if nonbacillary, may be successfully 
treated by Potain’s method; but if they tend 
to reappear rapidly after one or two air re- 
placements, especially if accompanied by 
persistent fever or other unfavorable symp- 
toms, or if they become purulent and increas- 
ingly bacillary, a disinfecting oleothorax is 
indicated. The lung should not be allowed 
to macerate in bacillary pus, which favors 
softening of cortical tubercles and pulmo- 
nary perforation, or else a lardaceous trans- 
formation of the parietal pleura. This 
“oily blockage of the pleural cavity” is the 
best method to assure prolonged compres- 
sion, slowly diminishing, of cicatrizing 
lesions, and at the same time to exert an 
antiseptic effect without causing harm. 
5: Secondarily Infected Bacillary Pleurisies: 
The gravity of secondary infection complicat- 
ing tuberculous bacillary exudates is well 
known, yet pleurotomy and thoracoplasty 
should be avoided if possible. Remarkable 
results with antiseptic oleothorax have been 
obtained in serious cases by Bernou, Burn- 
and, Bezancon, Rossel and others. However, 
a rigorous technique is essential, and before 
introducing the oil the pleura must be com- 
pletely emptied of infected liquid and rinsed 
with lukewarm serum. The same proce- 
dure should be repeated as often as neces- 
sary. 6: Pulmonary Perforations Followed 
by Fistulae: In the course of artificial 
pneumothorax transitory incidents, some- 
times very sudden and dramatic, may be 
attributable to small pulmonary perforations 
(acute pains, agonizing dyspnoea, etc.). Per- 
manent fistulae, however, are practically 
always accompanied by formation of more 
or less purulent fluid. It was in this type 
of case that Bernou first created oleothorax, 
and fortunately with success. He himself 
recognized that the fistula must be of small 
size, otherwise the situation would be ag- 
gravated by incessant expectoration of 
gomenolated oil. Indeed, sometimes in an 
otherwise satisfactory oleothorax, there may 
be intermittent discharge of oil through the 
bronchial passages. This renders the prog- 
nosis uncertain and thoracoplasty must be 
contemplated. Technique: The creation and 
maintenance of oleothorax are incontest- 
ably more difficult than pneumothorax in- 
sufflations. One has to deal with a viscid 
liquid introduced under rather strong pres- 
sure through needles of relatively small 
diameter, into a pleural cavity whose toler- 
ance is unknown. The X-ray furnishes 
much less information as to the status of 
things than with pneumothorax, due to the 
opacity of the oil. Although most prac- 
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titioners use sterilized vegetable oils, with 
gomenol added, Kiiss prefers paraffine. It 
is more readily sterilized, of more reliable 
quality, and keeps indefinitely, besides 
being almost unaltered within the pleura. 
Two hours in the oven at 150°C. is sufficient. 
It then takes up easily 4 to 8 per cent of 
gomenol-eucalyptol, 2 parts to 1. It is 
injected at 38°C. Needles should be of just 
the necessary length and the largest ac- 
ceptable internal diameter to facilitate the 
flow, but on the other hand they must not be 
too coarse because of the reflux tendency. 
Kiiss employs a small trocar of 1.5 mm. 
external and 1 mm. internal diameter; with 
rare exceptions that is sufficient to evacuate 
pleural pus. In cases where grumous par- 
ticles tend to block the cannula the anterior 
wall of the chest is punctured with the patient 
horizontal by a long trocar of 2 mm. external 
diameter. For oil injection without aspira- 
tion Kiiss uses needles of 1 to 1.2 mm. ex- 
ternal diameter and 0.7 to 0.9 mm. internal. 
These are less traumatizing but the flow is 
slower. For the initial injections he uses a 
50-cc. syringe with a weighed disk plunger, 
which fits tightly at atmospheric or higher 
pressures, attached to a terminal adapter 
with a stopcock control and a lateral arm for 
aspiration of fresh oil. The injecting tube is 
8 mm. external diameter and 3 mm. internal, 
and 36 cm. long. In measuring pressures, 
one may merely observe the reflux of oil into 
the tubing, but it is more precise to follow 
its movement in a glass tube or manometer of 
small diameter (3 mm.) which is also sensi- 
tive to negative pressure. The pressures 
used vary from a few cm. to 70 cm. For 
copious injections, Kiiss uses glass ampule- 
cylinders of 300 to 700 cc. content, gradu- 
ated in 25 cc. divisions, fixed on a vertical 
support. A horizontal upper tubular con- 
nection receives a vacuum tube, in com- 
munication with a 2-liter bottle to which a 
Potain suction pump may be attached. A 
lower vertical tubular connection leads to 
the pneumothorax apparatus. Several 
ampules may be kept in readiness, containing 
different strengths and kinds of oils but a 4 
per cent gomenolated paraffine serves most 
indications. In injecting the oil one must 
be sure to keep the end of the needle in the 
oil; to be sure, one aspirates a little before 
each injection. The physician should know, 
in each case, the exact thickness of the chest- 
wall and choose a needle 2 mm. longer; this 
can be judged by watching the manometer 
during introduction of the needle. In pneu- 
mothorax cases one always employs two 
needles, one of small calibre to aspirate the 
pneumothorax as the oil enters the other. 
In replacement of exudates either one or two 
needles may be used; if the mediastinum is 


displaced the exudate should first be re- 
placed by air and then by oil. Diagrams 
accompany the paper.—Rapport sur Voléo- 
thorax, M. G. Kiiss, Section d’études scien- 
tifiques de l’Oeuvre de la Tuberculose, June 9, 
1928, reported in Rev. d. l. Tuberc., October, 
1928, ix, 714.—(A. P.) 


Results of Oleothorax.—This series of 
cases was gathered from the practices of 
Tobé, Bernou, Cardis and Gilbert of Leysin, 
and a number observed by Fontaine on Rist’s 
service. All indications were represented: 
purulent and grave serofibrinous pleurisies, 
perforations, adhesions, compressions, and 
as a substitute for pneumothorax in difficult 
cases. The results were classified as (1) 
effective, (2) ineffective, and (3) dead. 
They were considered effective when the 
symptoms disappeared following treatment 
and the general state improved, and in- 
effective when the course of the disease 
was not modified. The mortality group 
comprised both those in whom oleothorax 
was inoperative or even aggravated the 
condition, and those who died of some 
complication apart from the treatment. J: 
Oily Blockage in Severe Purulent Pleurisies 
(32 cases): Of these 15 were effective, 2 
ineffective and 15 died, 5 of intercurrent 
complications. 2: Secondarily Infected Puru- 
lent Pleurisies (2 cases): Both effective. 3: 
Disinfection and Oily Blockage After Pleuro- 
pulmonary Perforation (12 cases): Of these 
8 were effective, including 2 that later died 
of remote causes (intestinal obstruction, 
bilateralization of lesions) and 4 were un- 
successful. 4: Compressive Blockage to Com- 
plete Ineffective Pneumothorax (9 cases): Of 
these, 7 were effective, although in 2 bacil- 
lary sputum persisted, 1 was ineffective and 
1 died of progressive disease. 5: Blockage 
to Limit Progressive Adhesions and Maintain 
Compression (39 cases): Of these, 26 were 
effective, although 2 later developed bi- 
lateralizations and 2 continued to have 
bacillary sputum, while 3 were very recently 
begun. Four cases were ineffective, two of 
whom benefited by phrenicectomy. Nine 
patients died, 5 due to complications attrib- 
utable to oleothorax; however, they were all 
gravely ill. 6: Blockage to Suppress Pneu- 
mothorax Reactions (3 cases): All effective. 
7: Blockage to Eliminate Frequent Refills 
(2 cases): Of these one was effective, the 
other died. Discussion: For purulent pleuri- 
sies and perforations combined, there were 
23 successes out of 40 treated, or over 50 per 
cent. While “cold” purulent pleurises and 
small perforations may cure spontaneously, 
it is none the less advisable to subject every 
case of chronic pleurisy which assumes a 
malignant character and every persistent 
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perforation to oleothorax. Even those that 
later need thoracoplasty are benefited; also 
oleothorax helps to prevent adhesions follow- 
ing subsidence of the pleurisy. Of course 
large pulmonary perforations and deep- 
seated suppurations are not affected. An 
oleothorax once induced must be followed 
like a pneumothorax, with regular measure- 
ment of the pressures. After a few months 
usually a few cubic centimetres of oil every 
two or three months are enough to balance 
that lost by resorption. Bernou’s metallic 


manometer is a useful instrument.— Ré- 
sultat de cent oléothorax, J. Fontaine, Section 
d’ études scientifiques de VOeuvre de la Tuber- 
culose, June 9, 1928, reported in Rev. d. l. 
Tuberc., October, 1928, ix, 769.—(A. P.) 


Bilateral Artificial Pneumothorax.— 
Bilateral pneumothorax was used in 46 
cases with good results, the more so the less 
extensive the tuberculous process in the lung. 
The most favorable cases are those of 
bilateral subcompensative second-stage 
Turban-Gerhardt lesions. The presence of 
cavities results in a less favorable effect. 
Cases with mixed productive-exudative 
forms of tuberculosis and with definite wide- 
spread cirrhotic changes are less suited for 
this type of therapy. Pneumothorax pres- 
sures are to be maintained negative in most 
cases.—Uber die Anwendung des doppel- 
seitigen kiinstlichen Pneumothorax bei tuber- 
kulésen Kranken, W. Rawic-Scerbo, Beitr. z. 
Klin. d. Tuberk., 1928, laix, 714.—(H. J.C.) 


Bilateral Artificial Pneumothorax.— 
Bilateral pneumothorax was induced in 51 
cases. In 6of them it was done subsequently 
and in 45 coincidently, with the result that 
13 times there was a definite improvement, 
17 an improvement, 10 times no improve- 
ment, and in 11 a harmful effect was noted. 
The results with subsequent bilateral pneu- 
mothorax were better than with the coinci- 
dent. The subsequent pneumothorax re- 
sulted in an effort to treat a progression on 
the contralateral side in the majority of 
cases. Spontaneous pneumothorax occurred 
in 6 per cent of the cases of bilateral pneu- 
mothorax. It is believed that continued 
roentgen control is essential in both bilateral 
and monolateral pneumothorax in order to 
determine the necessity for the second in- 
troduction of air.—Dzie Rolle des bilateralen 
Pneumothorax in der Therapie der Lungen- 
tuberkulose, J. A. Kerzmann, Beitr. 2. Klin. 
d. Tuberk., 1928, lxix, 330.—(H. J.C.) 


Spontaneous after Artificial Pneumo- 
thorax—The author reports 4 cases of 
spontaneous pneumothorax occurring after 
artificial pneumothorax. In all cases symp- 


toms occurred coincident with the initiation 
of the spontaneous pneumothorax and their 
duration was short, which was attributed to 
the presence of the collapse attained. Two 
causes for the origin of the condition are 
cited, either a spontaneous tear of the pul- 
monary parenchyma or an injury to the 
lung by the needle used for instituting the 
artificial pneumothorax.—Spontanpneumo- 
thorax im Anschluss an die Erstpunktion, 
G. Cicconardi, Beitr. z. Klin. d. Tuberk., 
1928, 497.—( H. J. C.) 


Air Embolism in Artificial Pneumo- 
thorax.—Air embolism was observed in 12 
of 890 patients given pneumothorax and in 
a total of 13,935 refills. The emboli origi- 
nate if the end of a needle enters a pulmonary 
vessel, which mechanism is of importance in 
primary pneumothorax and almost always is 
fatal. Another origin is dependent upon 
the entrance of the needle into an adhesion 
and the air entering under pressure a vessel 
in the torn band, aad in these cases the 
symptoms are usually not severe and recov- 
ery is common.—Uber die Luftembolie beim 
kiinstlichen Pneumothorax, M. Borock and 
D. Wildre, Beitr. 2. Klin. d. Tuberk., 1928, 
Ilxix, 324.—(H. J. C.) 


Bilateral Artificial Pneumothorax and 
Phrenicotomy.—In treatment of pulmo- 
nary tuberculosis by bilateral pneumothorax, 
it is of the greatest importance that the 
patient be kept at absolute rest for a con- 
siderable time. The patient should always 
be treated in a sanatorium and, in general, 
should be kept in bed for a year before he is 
allowed to sit up or to take short walks. 
Five hundred cubic centimetres of air may 
be introduced and maintained on each side 
without discomfort, but a positive pressure 
should not be maintained. Vital-capacity 
estimation is not necessary to determine the 
amount of air to be added. Of more impor- 
tance in this respect are the manometric 
readings and symptoms of the patient. 
Indications are: J: Development of pro- 
gressive disease on the contralateral side in 
cases of unilateral pneumothorax, especially 
if the course is distinctly down-hill. Formerly 
the tendency was to discontinue the pneu- 
mothorax on the first side. 2: Cases with 
bilateral tuberculosis, in which the non- 
diseased side is put down and kept at a 
pressure of not more than minus three in 
expiration. In these, small amounts of air 
are then (three or four weeks after collapse 
of one side) introduced into the second side. 
Unless this be done by degrees and with care 
there sometimes develops spontaneous pneu- 
mothorax. Both sides should not be refilled 
at the same time. Tuberculous pneumonia 
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is not suitable for this type of treatment. 
It is possible that the burning of adhesions a 
la Jacobaeus may be carried out safely in 
bilateral pneumothorax. Bilateral pneumo- 
thorax is sometimes impossible. In such 
cases one may perform a phrenicotomy on the 
side in which the pneumothorax could not be 
completed because of adhesions. No em- 
barrassment to breathing follows such 
bilateral procedures. Bilateral phrenicot- 
omy is possible in patients needing bilateral 
pneumothorax but in whom adhesions pre- 
vent the accomplishment of the latter. One 
such case is reported. In this patient 
phrenicotomy was done on one side four 
years ago and on the second side two and 
one-half years later when the disease de- 
veloped and pneumothorax was not success- 
ful. Nochange in breathing occurred at the 
time of the second operation. Chemical 
analysis at the time showed no change in 
respiratory function. A subjective improve- 
ment occurred but this may have been 
accidental. One case is insufficient for 
deductions, but it may show possibilities.— 
Zur Behandlung der doppelseitigen Lungen- 
tuberkulose mit Pneumothorax und Phreniko- 
exairese, L. Diinner und Heilborn, Deutsche 
med. Wehnschr., January 18, 1929, lv, 98.— 
(H. S. W.) 


Pleural Pressure after Phrenicec- 
tomy.—lIt is frequently observed that fol- 
lowing phrenicectomy the normal marked 
respiratory fluctuations in the pleural space 
are considerably reduced. This is par- 
ticularly the case if phrenicectomy had been 
done a sufficiently long time before, so that 
the diaphragm has undergone atrophy, and 
if a pleural effusion exists. One case was 
observed, in which the elevation of the 
diaphragm was so excessive that a pneumo- 
peritoneum was induced, although puncture 
was performed in the third intercostal 
space.—Ueber die Manometerablesung bei 
mit Phrenikoexairese kombiniertem kiinst- 
lichem Pneumothorax, H. Maendl, Wien. 
klin. Wchnschr., September 26, 1929, xlii, 
1261.—(M. P.) 


Phrenicoexairesis.—The importance of 
phrenicoexairesis in the therapy of tubercu- 
losis is still disputed by some. While the 
Sauerbruch school considers this operation 
as satisfactory in itself in certain cases, the 
number of sanatorium physicians opposing it 
is increasing. The authors review the 
anatomy and physiology of the phrenic 
nerve, the operative technique and the 
possibility of complications. They also 


review the indications in 100 cases with, 


The observations cover a period 
Of these 100 cases 91 


cavities. 
of from 1 to 7 years. 


per cent are still alive, while 4 per cent have 
died, and of those alive almost 60 per cent 
are able to work. Among the operated 
women a number have married and have 
been carried through pregnancy without 
harm. These figures are compared with 
those of Bacmeister, obtained on non- 
operative cavity cases, in which ordinary 
sanatorium treatment showed a mortality 
attaining 80 per cent.—Unsere Erfahrungen 
bei 100 Phrenicoexairesen, H. Maendl and 
E. Schwarzmann, Beitr. z. Klin. d. Tuberk, 
1928, lxi, 80.—( H. J.C.) 


Mechanism of Phrenicoexairesis.— 
In isolated phrenicoexairesis no harmful late 
effects were observed. There was no de- 
cided shift in the mediastinum or change in 
the cardiac position nor disturbance of the 
digestive organs, even if there occurred 
an extreme elevation of the diaphragm. 
Phrenicoexairesis in a 3-year-old child, ob- 
served over a period of 5 years, resulted in 
no unfavorable changes. In addition two 
other cases are described of 5 and 1-year 
duration in which there subsequently oc- 
curred a normal position of the diaphragm.— 
Klinische Beitrége zum Wirkungsmechanis- 
mus der  isolierten Phrenikoexairese. 
(I. Mitt.) A. Sonnenfeld, Beitr. 2. Klin. d. 
Tuberk., 1928, lxix, 340.—( H. J. C.) 


Blocking Phrenic Nerve.—The differen- 
tial diagnosis between acute diseases local- 
ized in the lower pulmonic fields and in the 
upper part of the abdomen is frequently 
very difficult and of special importance 
because it often involves the indication for 
an emergency operation. A diaphragmatic 
pleuritis, alone or in combination with a 
basal pneumonia, may simulate an acute 
condition in the upper abdominal region; 
it may cause spasms of the abdominal 
muscles, abdominal pain, vomiting, and 
retention of faeces and flatus. If a pul- 
monary focus is present it may be so cen- 
trally located as to produce no demonstrable 
physical signs. In affections of the diaphragm 
the characteristic pain on pressure over the 
phrenic nerve and the shoulder pain may be 
absent. Abdominal pains, transmitted from 
the diaphragm, are explained by anasto- 
moses between branches of the phrenic 
nerve and the coeliac plexus. For the 
differentiation of pain novocaine was in- 
jected along the phrenic nerve in several 
patients; and it seems that abdominal pains 
of diaphragmatic origin cease promptly 
after such treatment. Seven cases are re- 
ported in some detail to show the efficiency 
of this procedure. In six of these patients, 
the blockage of the phrenic nerve yielded 
definite results; in four cases all abdominal 
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symptoms ceased promptly and allowed to 
rule out an acute abdominal condition. In 
two cases the symptoms remained unchanged 
after the injection, and subsequent opera- 
tion revealed the presence of abdominal 
pathological changes. In one case the 
pains in the epigastric region persisted, 
though somewhat reduced in intensity; a 
diagnosis of subphrenic abscess was made. 
But the autopsy did not reveal any disease 
in the abdomen, but only an extensive lower 
lobe pneumonia. The abdominal pains 
were probably transmitted through the 
lower intercostal nerves. The results with 
this method are encouraging; but further 
studies are necessary to establish its true 
significance—Die Blockade des Nervus 
phrenicus, W. Denk, Wien. klin. Wehnschr., 
April 11, 1929, xlii, 473 —(M. P.) 


Thoracoscopy and Cauterization.— 
In dividing pleural adhesions by the galvanic 
cautery under the guidance of the endo- 
scope, haemorrhage may occur. This danger 


can be almost completely eliminated by 
thoroughly coagulating the thoracic part of 
the adhesion with the diathermic cautery 
before severing it by means of the galvanic 
cautery.—Thoracoscopy and Cauterization, 
B. Hudson and G. Maurer, Brit. M. J., 
May 11, 1929, no. 3566, 849.—(W. I. W.) 


Puncture of Chest.—The technique is 
described with emphasis upon the following 
points: proper sterilization of skin, infiltra- 
tion of chest-wall and pleura by a local 
anaesthetic through a fine needle, puncture 
with a needle longer than is necessary to 
enter the pleural space, in order to prevent 
breakage, the use of a sharp needle and air- 
tight syringe, and preliminary incision down 
to the intercostal muscles for thoracoscopy. 
Exploratory puncture is indicated as follows: 
(1) if fluid is suspected, and it is necessary 
to know its nature; (2) to distinguish be- 
tween fluid, new growth, thickened pleura, 
and solid lung; and (3) if there is doubt 
whether a pneumothorax exists. The signs 
of fluid are, as a rule, dulness, weak or 
absent breath-sounds or bronchial breathing, 
an absence of adventitious sounds, weak or 
absent vocal resonance or whispering pectoril- 
oquy. Contrary to popular belief bronchial 
breathing, in the absence of adventitious 
sounds, is commonly present over fluid. It 
should also be emphasized that pus can be 
present without a rise in temperature. A 
serous effusion should be explored (1) if it is 
causing distress, (2) if there is no absorption 
after three weeks of treatment, (3) if it 
appears to be causing high fever, or (4) 
as a diagnostic measure to facilitate X-ray 
examination, when replacement with air will 


be necessary. Serous fluid may be removed 
from the chest (1) by ordinary syphonage, 
(2) by means of negative-pressure aspirators, 
(3) by replacement by air or oxygen. The 
first method is the simplest, but the third 
method is the best, as it avoids the dangers of 
aspiration. These are cough, distress, pain, 
haemorrhage, pulmonary oedema, and sud- 
den death. Also all of the fluid may be 
withdrawn at one operation. The second 
method is the least satisfactory. In the 
ordinary slowly-evolving pneumococcal 
empyema, the usual method of resection 
with drainage at the proper time remains 
the best treatment. Tuberculous empyema 
should be left undisturbed, or, if causing 
symptoms, should be replaced by air or 
oxygen. Acute streptococcal empyema, or a 
fulminating staphylococcal or pneumococcal 
empyema should never be treated by an 
open operation. Aspiration is the proper 
method of treatment, for the mediastinum 
has not had time to become fixed, and open 
operation will prove fatal through pressure 
changes on the contralateral side. Aspira- 
tion may be needed for certain high positive- 
pressure spontaneous pneumothorax cases, 
and in certain cases of haemothorax after 
wounds or accident. In thoracoscopy, care 
must be taken to limit surgical emphysema, 
which is apt to occur only after prolonged 
examination.—Puncture of the Chest: Its 
Occasions and Technique, F. G. Chandler, 
Lancet, November 23, 1929, ccxvii, 1084.— 
(R. M. F.) 


Heliotherapy.—In the treatment of 
tuberculosis the use of light has not advanced 
to the scientific stage that it has in the treat- 
ment of rickets. The question arises as to 
how much of the success of heliotherapy is 
actually due to light and how much to air- 
bath. In endeavoring to answer such a ques- 
tion one necessarily must measure the three 
therapeutic agents at work in so called helio- 
therapy. The measurement of light energy 
by clinicians is neglected perhaps for two 
reasons. Light energy varies greatly during 
the day, from day to day, from season to 
season, according to altitude, latitude, and to 
various atmospheric conditions. Secondly, 
apparatus for the measurement of light 
energy is complicated and expensive. The 
photochemical method of measurement de- 
vised by Clark is simple and accurate, and is 
recommended as the method of choice. A 
hope is expressed that the publication of 
Clark’s improved method will lead to a more 
definite standardization of dosage in helio- 
therapy.— Heliotherapy—Em pirical or Scien- 
tific? J. R. Earp, Brit. J. Tuberc., July, 
1929, xxiti, 137 —(H. McL. R.) 
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Treatment of Pulmonary Tubercu- 
losis with Quartz Light.—Although a 
reproduction of natural sunlight might be 
preferable, as indicated by Freiberg ina 
recent article, owing to the difficulty and at 
times impossibility of exposure to natural 
sunlight, and to the time consumed, the 
quartz light has found favor. O’Brien has 
employed it for eight years at the Hampshire 
County Sanatorium, Massachusetts, and 
over 750 resident patients have been treated. 
He discusses Krusen’s work at Mount Alto, 
Pennsylvania, quoting his conclusions, which 
were favorable to the method, except in 
far-advanced toxic cases. Method: Grad- 
uated exposures, beginning with small areas, 
were first used, but discarded in favor of 
short general exposures. The patients finally 
were started with two-minute exposures on 
the anterior and posterior surfaces at a dis- 
tance of 30 inches (lamp to treatment table). 
Each successive treatment was increased 
by two minutes up to thirty minutes, 15 
treatments being given in a 45-day period. 
They then stopped treatment for fifteen 
days, and began again with two-minute 
exposures at 24 inches, subsequent treat- 
ments being increased by one minute with 
the lamp lowered one inch, up to fifteen 
minutes’ exposure at 11 inches. Again two 
weeks’ rest was given and the last course 
repeated. All patients wore goggles and 
loin-cloths and females a nipple-band. The 
aim was to avoid pronounced erythema and 
this was accomplished. When it occurred 
treatment was suspended until it disap- 
peared. Results: Tables are included show- 
ing the effects of treatment as to various 
symptoms, especially cough and expectora- 
tion, lung moisture, weight, appetite, tem- 
perature, and occurrence of haemoptyses 
with control groups, small in number, how- 
ever. Most patients enjoyed the exposures 
and found them sedative. Expectoration 
and lung moisture were decreased in a 
surprisingly large proportion, as compared 
with the controls. No unfavorable effect 
on menstruation in females was observed. 
Conclusions: 1: Artificial heliotherapy, com- 
bined with sanatorium routine, is a valuable 
adjunct in .... pulmonary tuberculosis. 
2: Itisan....aid.... im the reduc- 
tion of temperature and increasing general 
resistance. 3: Very far-advanced cases with 
high temperatures are not benefited. 4: 
Haemoptysis is not a contraindication. 5: 
A marked decrease in lung moisture and 
severity of cough is noticeable. 6: There 
is no advantage in producing erythema and 
tanning is not essential. 7: Artificial helio- 
therapy ....is sedative....and as- 
sists expectoration and natural healing.— 
Quartz Light Therapy in Pulmonary Tuber- 


culosis, F. E. O’Brien, Section of Tubercu- 
losis, Massachusetts Medical Society, re- 
ported in New England J. M., August 29, 
1929, cci, 403.—(A. P.) 


Value and Abuses of Ultraviolet 
Radiation.—An authoritative statement on 
the abuses in the field of actinotherapy has 
long been necessary. Within recent years 
many unqualified practitioners have set 
themselves up as actinotherapeutists. Manu- 
facturers have taken advantage of the oppor- 
tunity for mass production of apparatus, 
some of which is not only useless but danger- 
ous. Recent inquests have supplied evi- 
dence that death was due in one instance to 
electrical shock resulting from faultily 
designed apparatus. A recent report on 
ultraviolet therapy by the Medical Research 
Council failed to stress the abuses in the way 
light treatments were being administered 
and chose to attack the subject itself. It is 
claimed that this report is biassed and very 
misleading, hence should be rejected. Ap- 
parently the Council is of the opinion that 
ultraviolet therapy is of little or no benefit 
except in the treatment of lupus. While the 
Council admits the formation of vitamine D 
with the use of ultraviolet therapy, its mem- 
bers, apparently influenced by the work of 
Colebrook, nevertheless believe this vitamine 
may be supplied in a more satisfactory man- 
ner by the use of codliver oil. In differing 
with the Council in regard to the value of 
ultraviolet therapy, numerous writers are 
quoted as having expressed views favoring 
this form of treatment. Duke-Elder, in a 
report on 700 cases treated with ultraviolet 
light, believes he has witnessed marked 
therapeutic benefit in tuberculous irido- 
cyclitis, tuberculous choroiditis, sclerokerati- 
tis, dacryocystitis and phlyctenular keratitis. 
The beneficial mental improvement of 
patients receiving light, natural or artificial, 
should not be overlooked. It is also held 
that both local and general phototherapy is 
often beneficial in the same case, but in 
certain cases one form of radiation may be of 
more value than the other. It is also to be 
noted that the technique as regards local 
and general radiation is often very different. 
For instance, the technique in the treatment 
of lupus and that for the increased bac- 
tericidal power of the blood bear little rela- 
tion to each other. In the treatment of 
lupus a caustic action is necessary, while for 
the increased bactericidal power a minimal 
erythema dose is essential. While many of 
the beneficial results obtained from light 
therapy are as yet unable to be explained or 
understood scientifically, nevertheless clinical 
observation of such results at least warrants 
further investigation and more rigid and 
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careful application of ultraviolet therapy by 
the use of dependable apparatus in the hands 
of qualified actinotherapeutists.— The Med- 
ical Research Council and _ Ultra- Violet 
Radiation, M. Weinbren, Brit. J. Tuberc., 
July, 1929, xxiii, 117—(H. McL. R.) 


Sources of Ultraviolet Radiation.— 
Because of the necessity of heating the 
radiating substance to 5400°F. or higher in 
order to obtain appreciable ultraviolet 
radiation, the sources are practically confined 
to electric arcs between electrodes of metals 
of carbon and of mercury-vapor in a closed 
quartz-glass tube. The Mazda tungsten- 
filament lamp, enclosed in a bulb of special 
glass that transmits ultraviolet at wave- 
lengths from 280 to 310 millimicra has been 
considered for a source of ultraviolet radia- 
tion. Examination of such lamps revealed 
no appreciable amount of ultraviolet of 
wave-lengths less than 310 millimicra (3100 
angstrom units). The nickel-cored carbon 
arcs emit strongly at 230 and especially at 
350 millimicra, and the material is inex- 
pensive, quiet burning and easy to operate. 
The emission spectrum of tungsten is weak 
in the region of wave-lengths shorter than 
230 millimicra. About 6 per cent of the 
total radiation from quartz-mercury-vapor 
lamps is of wave-lengths shorter than 290 
millimicra, which are entirely absent in 
sunlight, and have a high germicidal action. 
Air-cooled burners operated on alternating 
current and water-cooled burners on direct 
current appear to have a higher ultraviolet 
radiation than air-cooled direct current 
burners. The arc emits but little infrared 
radiation. The carbon arc is the hottest 
source of radiation readily obtainable, and 
is the closest approach to sunlight in this 
respect. There is a strong violet “cyanogen” 
band in the spectrum at 389 millimicra, 
which is relatively far more intense than 
similar wave-lengths in the sun’s spectrum. 
Under the same condition, however, the 
sun’s radiation in the visible spectrum is far 
more intense than is obtained in the white- 
flare carbon. Except for the “cyanogen” 
band, the electrodes of pure carbon are 
quite nonluminous. It has been found that 
the radiation from the carbon arc depends on 
(1) the size and the kind of electrode, (2) the 
direction of the current when direct current 
is used through combinations of neutral- 
cored and impregnated carbons, and (3) 
the amount of electric current. This in- 
formation has resulted in improvements in 
arc lamps; therefore it is incumbent on the 
purchaser to operate a lamp as was in- 
tended by the maker, since increase in the 
current in the arc results in disproportionate 
increase in the intensities of the different 


wave-lengths. The spectral energy dis- 
tributions of representative samples of cored 
carbons were compared, with an alternating 
current of 30 amperes, electrodes 12.7 mm. 
in diameter. In the white-flame carbon 
arc the ultraviolet radiation of wave-lengths 
less than 320 millimicra is extremely weak, 
the radiation being concentrated in the 
cyanogen band at 389. In the blue-flame 
carbon arc, the ultraviolet radiation of wave- 
lengths less than 310 millimicra exceeds that 
of all the other arcs compared. In the yel- 
low flame there is considerably more radia- 
tion, extending from 290 to 320 millimicra, 
in the ultraviolet, which is weak in the 
neutral core arc. The red-flame carbon arc 
is conspicuous for its intense emission ex- 
tending from 550 millimicra in the orange 
beyond 750 in the red.—Sources of Ulira- 
violet Radiation and Their Physical Charac- 
teristics, W. W. Cobleniz, J. Am. M. Ass., 
June 1, 1929, xcii, 1834.—(G. L. L.) 


Solarization of Vitaglass.—It is un- 
fortunate that so much has been said about 
solarization that there is a general impression 
that after ultraviolet-transmitting glass is 
aged there is no therapeutic effect. Ob- 
servations were made over a period of a year 
with Vitaglass, estimations being made of 
the haemoglobin and blood calcium and 
phosphates. The glass was brushed daily 
and washed once a week to remove accumu- 
lated dust and soot particles. The glass was 
found to pass through the solarization period 
during the first few weeks, at the end of that 
time solarization being complete, the glass 
still remaining permeable to ultraviolet rays 
in sufficient amounts to be of clinical value. 
Observations were also made that infants and 
children may be given sun-baths of two or 
three hours daily throughout the winter, 
not as a substitute for ultraviolet-lamp 
irradiation in the cure of disease, but as a 
prophylactic measure. There are ample 
ultraviolet rays in the antirachitic range 
during the winter to be of definite value when 
exposures are made in the direct path of the 
sun’s rays through Vitaglass, since enough of 
these rays penetrate to prevent rickets and 
spasmophilia in a properly fed infant.— 
The Clinical Value of Sunlight Through 
Ultraviolet Transmitting Glass, G. W. Cald- 
well and R. H. Dennett, J. Am. M. Ass., 
June 22, 1929, xcii, 2088. —(G. L. L.) 


Treatment of Tuberculosis with Ergos- 
terol.—It has been shown experimentally 
that the addition of fat-soluble accessory food- 
stuffs is adequate for curing rickets. Recently 
the nutritional treatment of tuberculosis by 
use of ergosterol has been found to be very 
efficacious, especially in lupus. Ergosterol 
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appears to act favorably upon cutaneous, 
bone and joint and pulmonary tuberculosis. 
Explanation of how it works is not known, 
but it is a significant fact that phosphorated 
codliver oil and heliotherapy seem to pro- 
duce essentially the same results in rickets 
and in tuberculosis. This causes one to 
wonder whether in both diseases the results 
are not the same as those produced by 
ergosterol. We now havea pharmacological 
remedy which is ‘‘dosable’”’ and this marks a 
considerable advantage. It is known that 
excessive heliotherapy is harmful in pulmo- 
nary tuberculosis. The same is true of 
ergosterol, vigantol and other similar prepara- 
tions. Therefore, overdosing must be pre- 
vented, and the question of dosage must be 
solved before it is safe for these drugs to be 
placed in the hands of practitioners gen- 
erally. This is a very important considera- 
tion. It is interesting that the natural 
treatment,—high climate, sun, ultraviolet 
light, and foods rich in fat, phosphorated 
codliver oil,—all give favorable results in 
both tuberculosis and rickets. The prob- 
lem is to find the optimal form, use and dose. 
Our conception of vitamines must change. 
Formerly it was thought that a vitamine was 
an indispensable substance which must be 
introduced from without. It is demon- 
strated now that it can be formed in the 


body in the fat tissues by ultraviolet light — 
G. v. Bergmann, Rachitis- und Tuberkulose- 
behandlung, Deutsche med. Wchnschr., August 
23, 1929, lv, 1407. —( H. S. W.) 


Pigmentation.—Pigmentation is a nor- 
mal attribute of the skin in contact with air 
and sunshine, and it should be considered in 
connection with other functions of cutaneous 
physiology and general metabolism. Pig- 
ment is not a screen to stop the penetrating 
light rays. It is a substance which trans- 
forms the rays of short wave-length into rays 
of longer wave-length, the latter being more 
penetrating. It also transmits heat to the 
subcutaneous layers, especially when the 
total spectrum is used. The capacity of the 
skin to pigment (in heliotherapy) is usually 
directly proportional to the capacity to heal, 
and those persons who do not pigment are the 
ones who have a poor prognosis in tuber- 
culosis. Pigment is “a reservoir of ‘radio- 
activity’.,—A Note on Pigmentation, A. 
Rollier, Brit. J. Actinother. & Physiother., 
July, 1929, iv, 78 —( S. W.) 


Codliver Oil in Tuberculosis.—As the 
quality of codliver oil is greatly affected by 
the promptncss with which the livers are 
extracted, it is important that this extrac- 
tion should be accomplished with as little 
delay as possible and under conditions that 


reduce to a minimum the detrimental effects 
of atmospheric oxidation, which is known to 
destroy vitamin A. In ascertaining the 
vitamin titre of codliver oil, the two fat- 
soluble vitamines, A and D, must be assayed 
separately, since the curative effects of the 
one do not influence the lesions resulting 
from a deficiency of the other, and there is 
no parallel between the relative amounts of 
vitamin A and vitamin D present in different 
samples. For nearly a century codliver oil 
has been prescribed for tuberculosis. A 
number of theories have been advanced to 
explain the action of the oil in this disease. 
It has a high food values due to the high per- 
centage of unsaturated fatty acids which are 
more easily utilized than the saturated com- 
pounds in the body processes. Besides 
being more readily absorbable, it promotes 
the absorption of other fats. Animals fed 
on diets which, although otherwise well 
balanced, are deficient in fat-soluble vitamin 
A are very susceptible to pulmonary infec- 
tions. Codliver oil is a useful vehicle for 
the administration of vitamin A in tuber- 
culosis, as the vitamin appears to play a part 
in raising the bodily resistance to infection. 
It is also a growth-promoting factor. It is 
only recently that the fat-soluble vitamin D 
has been differentiated from vitamin A, they 
previously being regarded as one and the 
same vitamin. The most characteristic 
evidence of vitamin-D deficiency is seen in 
rickets, a disease which can be prevented, 
or, when present, cured, by the adminis- 
tration of codliver oil. This healing or pre- 
vention is accomplished by the promotion of 
calcium metabolism, and evidence is not 
wanting to show that codliver oil also pro- 
motes calcium metabolism in the nonrachitic 
animal. Kerschner has suggested that there 
are at least three good reasons for increasing 
the calcium content of the body in tuber- 
culosis: (1) to overcome demineralization 
and thus restore the normal calcium balance, 
a condition very essential to health; (2) to 
secure the deposition of calcium in tuber- 
culous foci in order to promote healing by 
mechanically inducing fibrosis and also 
calcification of the lesion; and (3) to stimu- 
late phagocytosis. To raise the calcium 
reserve it is necessary to administer calcium 
(lactate) together with an “activating sub- 
stance,” such as codliver oil which will 
enable the calcium to be utilized—Codliver 
Oil in the Treatment of Tuberculosis, C. R. 
Boves and J. S. White, Brit. J. Tuberc., 
April, 1929, xxiii, 75.—(J. S. W.) 


Metallic Salt Therapy.—Manganese is 
considered a good therapeutic agent in cer- 
tain cases of tuberculosis in that no harm has 
been observed from its use. The author 
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reports 162 cases, mostly in the second and 
third stages, that had been treated for about 
a year, and about half of them were freed 
from bacilli as well as undergoing a marked 
increase in weight. The treatment is indi- 
cated in the older cases and those in poor 
general condition—Metallsalztherapie ad 


modum Walbum, J. A. Frederiksen, Zeitschr. 
f. Tuberk., 1928, li, 291—(H. J. C.) 


Metallic Salt Therapy.—An extensive 
report of various metallic salt compounds is 
presented by Walbum as a result of tests in 
rabbits and guinea pigs especially. The 
author does not claim that these salts act 
directly upon the infecting microbe but 
believes that they act upon the cells of the 
animal organism either as an irritant or as 
a catalyzer affecting certain enzymatic proc- 
esses in the cells—Metallsalztherapie und 
Metallsalzprophylaxe, L. E. Walbum, Zeitschr. 
f. Tuberk., 1928, li, 209 and 273.—( H. J. C.) 


Treatment of Pulmonary Tubercu- 
losis with Metallosan.—Metallosan, the 
chemical nature of which is not given, con- 
tains gold in a form that acts as a satis- 
factory tissue irritant and has iodine, which 
is liberated and has a bactericidal action as 
well as a radioactivity that acts catalytically 
upon the injured tubercle cells, as well as 
acting upon the tenesmus of the bronchial 
musculature in a relaxing fashion. The 
author claims favorable results in pulmo- 
nary and laryngeal tuberculosis following the 
use of this inhalation method.—Uber die 
Wirkungsart eines neuen Inhalationsprépa- 
rates gegen Lungen- und Kehlkopftuberkulose, 
W. Pettersson, Zeitschr. f. Tuberk., 1928, 
hi, 451—(H. J. C.) 


Treatment of Pulmonary Tuberculo- 
sis with Metallosan.—Metallosan was 
found by the author to be a valuable agent 
especially in the presence of a marked peri- 
focal infection. Harmful effects were never 
observed in the use of this preparation.— 
Uber klinische Erfahrungen mit Metallosan 
nach Dr. Pettersson, H. W. Giercke, Zeitschr. 
Tuberk., 1928, li, 456.—(H. J.C.) 


Sanocrysin Treatment.—This study 
deals with a series of 97 cases of pulmonary 
tuberculosis treatment with sanocrysin since 
1925 at the Warwickshire (England) Sana- 
torium. Of these 87 were adults and 10 were 
children. The series included patients in all 
stages of the disease except the very ad- 
vanced, and the majority had failed to re- 
spond satisfactorily to routine treatment. 
The length of the interval between doses 
was determined by the weight of the patient. 
The dose began with 0.10 gm. and was in- 


creased gradually up to 1 gm. Statistical 
charts of the results are given. In treating 
the children no undesirable symptoms were 
observed, and, what is more remarkable, 
every case showed a good increase in weight 
throughout the time when the injections 
were being given. Conclusions: 1: Pro- 
vided the patient has fairly good physique 
and no abdominal tuberculosis, and that 
other vital organs are normal, it is reasonable 
to assume that the immediate results with 
sanocrysin will be good and that the patient 
will benefit by the treatment. 2: It is par- 
ticularly useful in bilateral cases treated by 
collapse therapy, and the patient need not 
develop shock symptoms or a febrile reaction 
in order to obtain full benefit from the treat- 
ment. 3: By suitable dosage all shock and 
unfavorable symptoms can be avoided, and 
the patient’s weight should increase through- 
out treatment, although large doses are 
given. 4: The remote results are only en- 
couraging in those cases which lose their 
tubercle bacilli and become clinically arrested 
after treatment. 5: Sanocrysin is well tol- 
erated by children, and most encouraging 
immediate results have been obtained in 
those suffering from pulmonary tuberculo- 
sis who did not respond to routine treat- 
ment.—Sanocrysin Treatment of Pulmonary 
Tuberculosis, F. Heaf, Lancet, June 1, 
1929, ccxvi, 1138 —(B. T. McM.) 


Sanocrysin.—The author used sano- 
crysin in 85 open cases of tuberculosis with 
outspoken bilateral disease predominantly 
of chronic productive form. In 9 of the 
cases there occurred pulmonary haemor- 
rhages with 5 of them having severe general 
symptoms. In addition there were noted 
symptoms of kidney irritation, gastrointes- 
tinal disturbances, transient exanthemata, 
and rarely inflammation of the lips and mu- 
cous membranes of the mouth. Frequently 
there occurred after an initial improvement 
of the general condition a turn for the worse. 
Exceptionally high gains in weight were 
noted in cases having no complications. A 
severe case of sanocrysin dermatitis is re- 
ported in detail—Erfahrungen mit Sano- 
crysin, Erna Warlimont, Zeitschr. f. Tuberk., 
1928, lit, 188 —(H. J. C.) 


Treatment of Pulmonary Tuberculo- 
sis with Solganol.—Solganol was found to 
be an efficient detoxicating preparation in 
20 cases of tuberculosis, and it was used in 
productive, cirrhotic phthisis in small doses, 
and in fresh exudative processes in higher 
doses. Certain cases of productive pul- 
monary and laryngeal tuberculosis are suit- 
able for gold treatment. Six cases of tuber- 
culosis in children remained uninfluenced or 
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became worse.—Zur Dosierungsfrage in der 
Goldbehandlung der Lungentuberkulose, zu- 
gleich ein Beitrag tiber Erfahrungen mit 
Solganol, F. Ernst, Beitr. z. Klin. d. Tuberk., 
1928, lxix, 428 —( H. J. C.) 


Combined Tuberculin Gold Treat- 
ment of Tuberculosis with Tuberculin 
and Gold Combined.—With the view that 
tuberculin causes a general febrile reaction and 
that then gold preparations cause a critical 
decrease of the temperature, the author 
suggests a combined tuberculin gold treat- 
ment for tuberculosis. At 3- to 4-day 
intervals, beginning with a weak tuberculin 
solution, increasing injections are given until 
a general reaction occurs and at the height 
of reaction the gold (Krysolgan) is given 
intravenously. With the proper dose of the 
gold preparation the temperature drops and 
remains normal. In the interval of at least 
10 days the tuberculin and subsequent gold 
injections are repeated with increasing tuber- 
culin doses. Among 300 cases thus treated 
there were 100 in which a final dose of 100 
mgm. was reached and no harmful effect was 
seen in any of the cases. Among the gold 
preparations tried, including Aurophos, Kry- 
solgan, Tryphal and Solganol, Aurophos 
was found less toxic but less active than 
Krysolgan. Krysolgan is given the prefer- 
ence in use with tuberculin over the other 
preparations.—Die kombinierte Tuberkulin- 
Goldbehandiung der Tuberkulose, E. Schulz, 
Beitr. 2. Klin. d. Tuberk., 1928, lxix, 422.— 
(#. J. C3 


Treatment of Pulmonary Tuberculo- 
sis with Lopion.—The authors used in 
animal experiment and in cases of pulmo- 
nary tuberculosis in man a new gold com- 
pound called Lopion, which is a gold- 
thiourea combination, containing about 42 
per cent gold, and which proved in their 
hands less toxic and more easily tolerated 
than any of the newer preparations tested. 
It was used in two markedly active highly 
febrile cases of tuberculosis and in 8 cases 
with chronic indurative-productive pulmo- 
nary tuberculosis. The material was given 
intravenously during a period of 14 to 8 
months, and at intervals of 2 to 8 days, in 
doses of 0.05 to 1.0 gm. to a total of 2.5 to 
15 gm. With the exception of one case, 
given a total of 7.6 gm., all the patients 
showed improvement. No exanthemata or 
kidney or distressing general effects were 
noted. The advantage of the preparation 
lay in the fact that it was deposited pri- 
marily in the liver, and, therefore, unlike 
Sanocrysin, Solganol and other gold com- 
binations, did not affect the kidneys.— 
Die Behandlung bestimmter Formen von 


Lungentuberkulose des Menschen mit Lopion 
(Goldthioharnstoffverbindung), K. Henius and 
Wissing, Beitr. 2. Klin. d. Tuberk., 1928, 
Ixix, 597.—( H. J.C.) 


Treatment of Tuberculosis with Cop- 
per.—Injections of copper will not cure 
tuberculosis. But he who knows how to use 
it correctly will find it a valuable accessory 
in the treatment of surgical tuberculosis. 
It is especially helpful when used in con- 
junction with heliotherapy and general up- 
building treatment. -Several cases of local 
application of copper (Lecutyl) after curet- 
tage are reported, with rapid and complete 
cure. It may also be used with methylene 
blue internally or may be injected—Zur 
Kupferbehandlung der chirurgischen Tuber- 
kulose, A. Strauss, Deutsche med. Wchnschr., 
June 28, 1929, lv, 1087 —(H. S. W.) 


Treatment of Pulmonary Tubercu- 
losis with Tebeform.—In extension of 
Behring’s views that iodoform is active only 
where destruction of tissue exists, the author 
has for a number of years used guaiacol- 
iodoform for the treatment of pulmonary 
tuberculosis. The preparation has been im- 
proved by increasing its iodoform content, 
as well as being made available for intra- 
muscular in place of intravenous injection. 
Tebeform, a new preparation, consists of 
guaiacol-tetraiod-methan - dithymol - diiodid, 
to which is added camphor and _ eucalyptus 
to reinforce its action. The dosage con- 
sisted of daily injections of 1 cc. intra- 
muscularly. Disinfection experiments with 
bacteria revealed an action between that of 
mercuric chloride and carbolic acid. Ex- 
ceptionally large doses were eventually tol- 
erated by sanatorium cases without harm. 
Tebeform should be given so long as there are 
tubercle bacilli in the body.—Neuwes chemo- 
therapeutisches Heilverfahren bei der Lungen- 
tuberkulose, W. Miiller, Zeitschr. f. Tuberk., 
1928, li, 203 —(H. J. C.) 


Effect of Iodized Oils on Serous Mem- 
branes.—lIodized oil when injected intra- 
pericardially greatly increased the visibility 
of the heart in the fluoroscope, but it was 
noted that in the dogs so treated the cardiac 
shadow progressively increased in size until 
the animals all died in about two weeks. 
At autopsy marked pericardial effusion and 
pericarditis were found but no bacteria were 
detectable. In some instances there were 
localized pneumonia and some degeneration 
of the cardiac muscle. There was occa- 
sionally a pleural or an ascitic effusion and, 
regularly, an enlargement'of the tracheobron- 
chial lymph nodes. When injected into the 
pleural cavity and into joints, such oils pro- 


duced marked irritation. Lipiodol (Lafay) and 
Lipiodin (“Ciba”) were used. Experiments 
showed that lipiodol, poppy-seed oil and 
ethyl brassidate are equally irritating, that 
sesame oil is somewhat less so, and that olive 
oil is practically innocuous. Incidentally 
the experiment reveals a method of inducing 
pericarditis.— The Effect of Iodized Oils on 
Serous Membranes, L. A. Crandall and 
E. L. Walsh, Radiology, June, 1929, xii, 
499.—( H. S. W.) 


Action of Nonspecific Irritants on 
Blood in Tuberculosis.—Following the par- 
enteral introduction of minimal amounts of 
nonspecific irritants (Aurophos, Lipatren, 
calcium chlorate, neosalvarsan, and ether- 
extract antibodies according to Jessen) 
no definite change in the capillaries examined 
microscopically could be determined. In 
the majority of cases there was a constriction 
of the capillary loops a few minutes after the 
injection which was the result of a reflex 
effect upon the vegetative nerve-ends. After 
the use of Aurophos there occurred in the 
majority of cases an increase in the neutro- 
philes, a diminution of the leucocytes and a 
shift to the left. Calcium called forth an 
eosinophilia while after manganese no 
changes in the white blood picture oc- 
curred.— Beitrag zur Frage der Wairkung 
unspezifischer Reize auf die Capillaren und 
das weisse Blutbild bet Tuberkulisen, R. 
Braun, Beitr. z. Klin. d. Tuberk., 1928, 
lxix, 70.—(H. J. C.) 


Lipoid Treatment and Red-Cell Sedi- 
mentation Reaction.—Various lipoid prep- 
arations of Much are believed to cause a 
diminution in cell destruction, which is ex- 
pressed as a decrease of the sedimentation 
reaction of the red blood corpuscles. It is 
not believed, however, that this is the result 
of the direct action of the lipoids on the 
suspension condition as the result of the 
lipoid antibody action— Uber Lipoidzufuhr 
und Blutsenkungsreaktion, E. Paulsen, Beitr. 
z. Klin. d. Tuberk., 1928, Ixix, 667.— 
(H. J. C.) 


Treatment of Pulmonary Tubercu- 
losis with Lipatren.—Lipatren was given 
in tablet form to 56 cases of pulmonary 
tuberculosis. Too large doses acted as 
a laxative. Only moderately severe and 
severe cases were treated. General and 
focal reactions were observed, and in the 
blood there was an increase of lympho- 
cytes as well as an improvement in the 
sedimentation rate. Comparable statistics 
with a like series of cases not given Lipatren 
revealed that the differences between the 
two series were only slight, and the number 
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of cases that became free from bacilli was 
about the same. It is not believed that the 
preparation can be used in general prac- 
tice—Perorale Lipatrenbehandlung der 
Lungentuberkulose, W. Miinchbach, Beitr. z. 
Klin. d. Tuberk., 1928, lxix, 565.—(H. J.C.) 


Lipatren in Pulmonary Tuberculo- 
sis.—Good results are reported from the use 
of Lipatren excepting in cases with out- 
spoken lobar exudative conditions. Mild 
reactions were noted after cautious intra- 
muscular use, which resulted in improve- 
ment of the sedimentation and a shift to the 
left of the leucocytes as well as an improve- 
ment in the physical condition, a diminution 
in the sputum and an increase in weight. 
The oral use of tablets did not give as defi- 
nite results.—Uber uns pezifische Reiztherapie 
der Lungentuberkulose, K. Schlapper and H. 
vonOppenkowski, Beitr. z. Klin. d. Tuberk., 
1928, lxix, 416.—(H. J. C.) 


Results of Tuberculin Therapy.—The 
author used Old Tuberculin intracutaneously 
in 98 cases of tuberculosis over the period of 
1922-1927, and the age-range was from 11 to 
40 years. Among these 26 had tubercle 
bacilli in the sputum. Of the 26 with 
tubercle bacilli in the sputum 2 died within 
one year, 5 were unchanged, and 7 were 
improved, while 12 were closed cases and 
these had remained closed over a period of 
3 years after the conclusion of treatment. 
Early infiltrations were not included in the 
statistics. According to the Sternberg classi- 
fication all the cases belonged to group III 
and were subcompensated. This classifica- 
tion includes individuals not actually ill but 
not able to work. The condition is deter- 
mined by the temperature, the general well- 
being and the body weight. At the conclu- 
sion of the study there were 71 of the 98 
cases that belonged in groups I and II, 19 
in group III and 5 in group IV, while 3 had 
died. Thus 71 of the cases had improved, 
19 were unchanged, and 8 progressed un- 
favorably.— Bericht iiber fiinfjahrige Behand- 
lungsergebnisse bei 98 Lungentuberkulisen mit 
intracutanen (subepidermalen) Injektionen 
mit Alttuberkulin Koch, M. J. Gutmann, 
Beitr. z. Klin. d. Tuberk., 1928, lxx, 613.— 


Treatment of Pulmonary Tuberculo- 
sis with Helpin.—The author used Helpin 
in 49 cases of pulmonary tuberculosis, es- 
pecially of the severe destructive type, 1 to 
2 cc. being given every second day. The 
results of the treatment were measured by 
increasing weight, improvement in the gen- 
eral condition, diminution of the sputum and 
reduction in febrile action. No focal reac- 
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tions of any kind were noted. Improve- 
ment is recorded in 14 cases treated.— 
Erfahrungen mit Helpin bei Lungentuber- 
kulose, E. Homann, Zeitschr. f. Tuberk., 
1929, litt, 28 —(H. J. C.) 


Diagnosis of Sinus Disease.—Inde- 
pendent clinical and roentgen-ray examina- 
tions of the paranasal sinuses were made in a 
series of 200 patients with bronchial asthma. 
While a high incidence of sinus disease was 
found both by roentgen-ray (80.5 per cent) 
and clinically (67 per cent), there was ex- 
tensive disagreement between the findings of 
the two examinations in individual sinuses. 
Clinical and roentgen-ray examinations of a 
control group of 50 patients without a his- 
tory of respiratory infections or history of 
sinus disease showed a roentgen-ray inci- 
dence of sinus involvement of 72 per cent 
and a clinical incidence of 26 per cent, the 
number of involved sinuses per person on 
roentgen-ray examination being practically 
the same in asthmatics and controls.— The 
Relative Efficiency of the Clinical and the 
Roentgenologic Methods for Sinus Disease 
Diagnosis, R. A. Kern and H. P. Schenck, 
Am. J. M. Sc., August, 1929, cluxviti, 168. — 
(W.TI. W.) 


Bronchosinusitis Disease.—Since all 
portions of the respiratory tract are directly 
connected, the entire tract should be con- 
sidered in an infection of any portion of it. 
Hence, the term ‘“‘bronchosinusitis disease” 
might be more properly used than bronchitis, 
tracheitis or sinusitis. Such conditions usu- 
ally manifest themselves as the end-result 
of pathological conditions of the respiratory 
tract extending over a period of years. The 
inflammatory changes at the root of each 
lung are of particular interest. In young 
children in whom the disease is uncompli- 
cated, there isfound at first an inflammation of 
the mucous lining of the trachea and bronchi. 
Later this reaction spreads, resulting in an 
increase in the connective tissue which sur- 
rounds and binds together the bronchi, 
arteries and veins. The lung hilum soon 
becomes a mass of connective tissue dis- 
tinctively revealed in the roentgenograph as 
fairly definitely limited to the hila. Later 
even the primary lobules may be involved. 
The lymphatics are not especially involved, 
and hence not enlarged, as there is consider- 
able bronchial drainage. The roentgenol- 
ogist may often foretell the conditions in the 
sinuses by the pathological changes at the 
roots of the lungs. The converse, however, 
is not true. In tuberculosis there is much 
more definite lymph-node involvement and 
increase in size of nodes at the hila, with less 
connective-tissue increase, than in the typical 


case of bronchosinusitis disease. In study- 
ing a series of 90 children from birth to 8 
years of age, certain infections of the respira- 
tory tract have been observed to develop 
into clinical and roentgenological broncho- 
sinusitis disease. After weeks or months 
after birth they may develop symptoms of 
thymic stridor, found to be due to infection 
of more or less the entire respiratory tract, 
ne doubt due in many instances to retention 
of mucus following birth. Some recover 
spontaneously. Others have frequent at- 
tacks of respiratory infection and common 
colds, and develop frank sinusitis, bronchitis 
or asthma at from 1% to 3 years of age. 
After a period of many years, the adult type 
of bronchosinusitis disease is delineated. 
The importance of this condition is equal 
to that of tuberculosis.— Bronchosinusitis 
Disease, W. W. Wasson, J. Am. M. Ass., 
December 28, 1929, xciii, 2018 —(G. L. L.) 


Influenza and Latent Pulmonary Tu- 
berculosis.—The author reports on the 
roentgenological findings in latent pulmo- 
nary tuberculosis at the conclusion of in- 
fluenza. The course of the acute infection 
was severe in all three cases while the re- 
sidual tuberculosis ran a mild course. The 
latent tuberculous pulmonary foci are con- 
sidered to be a locus minoris resistentiae for 
a pulmonary infection but are not the occa- 
sioning cause but rather an eliciting moment 
with a flare of the tuberculous pulmonary 
condition —Uber die Prédilektionsstellen der 
Influenza bei laienter Lungentuberkulose und 
thre réntgenologische Darstellung, F. Baum, 
Beitr. z. Klin. d. Tuberk., 1928, lxix, 117.— 
J. 


Penetrating Chest Wounds.—A report 
is made of 341 cases of penetrating wounds of 
the chest, in which there was a mortality of 
15 per cent, 89 patients discharged as im- 
proved and 201 as cured. The great ma- 
jority of cases yield to conservative treat- 
ment. Penetration may exist without the 
presence of air or fluid in the pleural cavity. 
Injuries of the heart and diaphragm, pneu- 
monia and rib fractures occur infrequently. 
Empyemata and other serious infections 
result in less than 2 per cent of cases. 
Haemorrhage is the most common cause of 
death. Pain, dyspnoea and cyanosis are 
relieved by aspirating blood, but intrathoracic 
haemorrhage is controlled by deferring aspira- 
tion for 48 hours. Aseptic temperature 
may be reduced by removing blood from the 
pleura.—Penetrating Wounds of the Chest: 
Review of Three Hundred and Forty-One 
Cases, F. K. Boland, J. Am. M. Ass., 
November 30, 1929, xciii, 1716 —(G. L. L.) 


Dust Hazards in Abrasive Industry.— 
In the course of clinical and roentgenological 
observations on people exposed to the in- 
halation of abrasive dust, certain nondusted 
individuals with cough and expectoration 
were radiographed. In many of these the 
X-ray report of first-stage silicosis was made. 
It appears that chronic bronchitis and the 
pulmonary changes incident to advancing 
age may cast shadows similar to those 
caused by early stages of silicosis. People 
exposed to dust were radiographed in 1924 
and again in 1928, with very slight differences 
being revealed. Of 69 such people only 
one showed second stage silicosis and he had 
been exposed for 26 years. Altogether 137 
people were X-rayed who had been exposed 
over periods varying from 10 to 42 years. 
Of them 42 were normal, 12 showed slight 
silicosis, 77 showed first stage and six second 
stage silicosis. None were in the third stage. 
Eleven cases showed healed pulmonary 
tuberculosis— The Dust Hazard in the 
Abrasive Indusiry, Second Study, W. I. 
Clark, J. Industr. Hyg., March, 1929, xi, 
92.—( H. S. W.) 


Anthracosis and Tuberculosis.—The 
problem of anthracosis and tuberculosis was 
studied on a large group of coal-miners, 
utilizing Besredka’s complement-fixation 
test, the sedimentation reaction and roent- 
genographs. The Besredka reaction was 
positive in 20 per cent of the roentgen stage-I 
cases and in 60 per cent of the stage-II 
cases. The author believes that the tubercle 
bacillus plays an important réle in cases of 
anthracosis.—Anthrakose und Tuberkulose, 
H. Schulte- Tigges, Zeitschr. f. Tuberk., 1928, 
lit, 290.—(H. J. C.) 


Aetiology of Silicosis.—Silicosis is a 
result of the local action of hydrated silica 
upon the pulmonary tissue. This action is 
of a physicochemical nature, and the speed 
of its development—other things being 
equal—depends upon the rapidity with 
which fresh silica hydrosol is formed and 
brought into contact with pulmonary tissue. 
Substances which favor the formation of 
silica hydrosol from silica, when added to 
the silica dust, accelerate the development 
of silicosis, for example, alkalies. Substances 
which retard the formation of hydrosol from 
silica, or which coagulate the hydrosol when 
formed, prevent silicosis. Examples of this 
are coal-dust and clays. The action of silica 
in producing nodular pulmonary fibrosis has 
not been parallelled so far by any non- 
siliceous substance. Silica is a normal con- 
stituent of plant and animal cells; its pres- 
ence seems essential in certain tissues, and its 
absence from the food of the organism is 
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disastrous. The study of the réle of silica 
in biology suggests that many of the proc- 
esses of cell metabolism belong to the realm 
of colloidal physics. In therapeutics, silica 
has a place comparable to that of lime.— 
Some Notes on the Biophysics of Silica and 
the Etiology of Silicosis, P. Heffeman, Brit. 
M. J., September 14, 1929, no. 3584,489.— 
(W. I. W.) 


Silicosis.—The occurrence of silicosis in 
the various industries, the manifestation of 
the disease as it presents itself to the medical 
practitioner, and the legislation which has 
been brought into being within recent years, 
are discussed—The Present Position of 
Silicosis in Industry in Britain, E. L. 
Middleton, Brit. M. J., September 14, 1929, 
no. 3584, 485.—(W. I. W.) 


Tuberculosis and Silicosis.—Physical 
and roentgenological ,examination of 919 
employees in sandstone works in Ohio have 
been completed recently with the result (1) 
that the incidence of silicosis was found to be 
low but was higher in proportion to pro- 
longed duration of employment, and (2) 
that the incidence of tuberculosis among the 
workers was low. Of 912 X-ray plates, 55.1 
per cent showed some pathological change, 
including 28.5 per cent which had definite 
silicosis; but only 1.9 per cent showed tuber- 
culosis, which corresponds to the incidence 
of tuberculosis in the district in which the 
quarries are located. The silicosis which 
developed, appeared only after an average 16} 
years’ exposure. The rock contains from 
92.15 per cent to 97 per cent crystalline 
silica, but the crystals are obtuse, are held 
by a matrix (3 to 8 per cent) of carbonates, 
silicates, kaolin, sulphides and oxides of 
iron, and this may be responsible for the 
relative innocuity of this silica.—Silicosis 
with Low Incidence of Tuberculosis, E. 
R. Hayhurst, D. J. Kindel, B. E. Neis- 
wander and C. D. Barrett, J. Indust. Hyg., 
September, 1929, xi, 228 —(H.S. W.) 


Cement Dust Lung.—Cement consists 
of 57 to 66 per cent lime, 2 to 4 per cent 
infusorial earth, 19 to 26 per cent silicic acid 
and 4 to 10 per cent of iron oxide, and the 
mesh of cement dust is about 0.06 milli- 
metres. Inhalation experiments in rabbits 
revealed that the cement dust is taken up in 
the lungs by phagocytic cells similar to those 
acting on coal dust, and in distinction to 
silicic acid dust there was only a mild tend- 
ency toward inflammation. Among 100 
cement workers there were 21 cases of pneu- 
monoconiosis, 7 with the hilum form and 
increased radiating strands, and 14 with the 
pulmonary form. Most of the workers had 
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served for more than 10 years and in none 
of the 100 cases was there one with open 
tuberculosis, but.in 10 there were shadows in 
the upper lobe of the cirrhotic type. It is 
concluded that cement inhalation does not 
predispose to tuberculosis, nor does it tend 
to cause a breaking down of a healed case.— 
Uber Zementstaublunge, F. Schott, Beitr. 2. 
Klin. d. Tuberk., 1928, lxix, 43.—(H. J. C.) 


Asbestosis.—In 15 cases of asbestosis, 
cough and dyspnoea were the cardinal symp- 
toms. In this series of cases the shortest 
period of exposure to asbestos dust was one 
year and the longest fourteen years. Roent- 
genographs showed a diffuse fibrosis affecting 
chiefly the lower two-thirds of the lung. 
Some of the films exhibited a “ground glass” 
appearance. The bronchial striations to- 
ward the lung bases were prominent and 
seemed to spread out to form a fine network, 
giving an appearance like that of a cobweb. 
As the striations radiate outward from the 
lung roots, they cut the edge of the cardiac 
shadow, especially on the left side, giving a 
shaggy appearance as if the heart were en- 
cased in coarse felt—Pulmonary Asbestosis, 
W. B. Wood, Tubercle, May, 1929, x, 353.— 
(W. I. W.) 


Asbestos Fibres in Pulmonary Le- 
sions.—Asbestos fibres can be demonstrated 
in the corns from which the workers suffer, 
in the upper respiratory tract, in sputum, in 
the lung, postmortem and in animal tissues. 
The so-called “curious bodies” are derived 
from asbestos fibres. In view of the 
marked prominence of foreign body-giant 
cells in the sections from the guinea pig, it 
is important that tubercle bacilli should be 
demonstrated in sections of the human lung 
in cases of pulmonary asbestosis before 
assuming that tuberculosis is present as a 
complicating factor—The Presence of the 
Asbestos Fibre in the Lesions of Asbestos 
Workers, S. R. Gloyne, Tubercle, June, 1929, 
x, 404.—(W. I. W.) 


Physiology of Atelectasis.—The lungs 
are normally the best drained organs in the 
body, the movement of secretion outward 
being maintained by the cilia and by cough- 
ing. There is also physiological evidence 
that peristaltic muscular contraction of 
the walls of the air-ways is a normal activity 
of the lungs. Shallow breathing predisposes 
to bronchial obstruction and thus to atelec- 
tasis in the obstructed areas, while deep 
breathing tends to distend the air-ways and 
to reopen atelectatic areas. The natural 
stimulant to deep breathing is the carbon 
dioxide produced in the body. The lungs 
are innervated through the vagi and the 
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sympathetics. The vagi generally exert a 
tonic and constrictive control over the 
calibre of the air-tubes and sacs. In the frog 
nervous reflexes may be elicited which cause 
contraction of the lungs. It is probable that 
in man any stimulus which tends reflexly to 
influence respiration toward deep or toward 
shallow breathing will act also on the lung to 
alter the calibre of the air-tubes. Rapid 
shallow breathing may induce cyanosis even 
in normal men, the insufficient aeration of 
the lungs probably being due to a passive 
rather than an active constriction of parts of 
the lungs. Physical exercise induces deeper 
and fuller respiration, and the author has in 
this connection proved that the air-tubes are 
enlarged under exercise. It is thus safe to 
infer that inhalation of carbon dioxide tends 
to dilate the bronchioles and air-sacs, just 
as its inhalation in air or oxygen stimulates 
breathing. On the other hand, shallow 
breathing is probably an important contrib- 
uting cause in the production of cyanosis in 
pneumonia through the constriction of the 
air-tubes and sacs of the lung. There is a 
functional element, therefore, in the course 
of pneumonia which must be combated 
from the side of the physiology of respiration 
rather than from the side of bacteriology or 
serology alone. It is now the generally 
accepted treatment of carbon-monoxide 
asphyxia to administer oxygen containing 
5 per cent carbon dioxide. The treatment, 
as developed by the author, tends to prevent 
the development of pneumonia, as it reopens 
atelectatic areas induced by the shallow 
breathing of asphyxia. The administration 
of carbon dioxide following a general anaes- 
thesia also tends to prevent pneumonia. It 
may be of therapeutic value even in the 
advanced stages of pneumonia.— The Phys- 
tology of Atelectasis, Y. Henderson, J. Am. 
M. Ass., July 13, 1929, xciit, 96—(G. L. L.) 


Massive Collapse of Lung.—Massive 
pulmonary collapse or atelectasis has been 
described in a great variety of clinical 
conditions. However, careful analysis of 
this vast clinical material will disclose that 
most of the cases can be classified into three 
groups: Group 1: Cases with gross or mani- 
fest bronchial obstruction by foreign body, 
endobronchial neoplasm, retained blood 
clots, diphtheritic membrane, etc. Group 2: 
Cases in which the primary factor is an 
interference with the respiratory movements, 
through muscular paresis or paralysis, volun- 
tary or reflex inhibition of the muscles of 
respiration from pain or inflammation, pro- 
longed faulty posture, etc. When with this 
is associated an increase in the bronchial 
secretions and a suppression of the cough 
reflex, the accumulated and retained secre- 
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tions will occlude the bronchi and thus lead 
to atelectasis. Group 3: Cases in which 
extrabronchial pressure, due to neoplasm or 
aneurysm, enlarged lymph nodes or sclerotic 
tissue, leads to gradual stenosis of the 
bronchus, the bronchial occlusion being 
rendered complete either by mucosal turges- 
cence or by bronchial spasm, with retained 
secretions. In all these cases, following the 
bronchial occlusion, the alveolar air is 
absorbed by the pulmonary circulation and 
atelectasis results. Cases are presented to 
illustrate the essential mechanism in these 
three main groups. The clinical picture as 
well as the physical and roentgen signs are 
characteristic, and they are similar in all 
cases. The onset is usually sudden, with 
evidence of marked respiratory embarrass- 
mentandshock. Thecharacteristic physical 
signs are markedly diminished mobility of the 
involved hemithorax, narrowing of the inter- 
spaces, pulling of the trachea, heart and 
diaphragm toward the affected lung, flatness 
to percussion, harsh or absent breath sounds, 
and no rAles over the affected lung. The 
roentgen examination reveals a dense homo- 
geneous shadow where the atelectasis exists, 
and is corroborative of the displacement of 
the trachea, heart and diaphragm toward the 
affected lung. This clinical picture and 
some of the physical signs may simulate 
pneumonia, pleurisy with effusion, acute 
cardiac accident (dilatation, coronary occlu- 
sion, etc.). The diagnosis of the condition 
is not difficult if the atelectasis is extensive; 
if partial only, its recognition is not easy. 
It should always be thought of in the ex- 
amination of patients with pulmonary com- 
plications in diphtheria and following upper 
abdominal operation or tracheotomy. In 
cases of massive pulmonary atelectasis with 
no obvious cause, the possible obstruction of 
the bronchus by a nonopaque foreign body 
or by an endobronchial neoplasm should be 
investigated by a bronchoscopic examination. 
If the examination reveals no endobronchial 
obstruction, but the existence of a complete or 
partial stenosis, compression of the bronchus 
by neoplasm, enlarged lymph nodes, aneurysm 
or peribronchial fibrosis should be suspected. 
Early recognition of the condition is impor- 
tant, because in many cases its treatment at 
that time is simple and successful. In 
postoperative massive atelectasis, the simple 
manoeuvre of rolling the patient on his un- 
affected side is usually effective. In late 
postoperative cases and in all cases of foreign 
bodies, bronchoscopic aspiration or extrac- 
tion of the occluding substance is most 
effective in relieving the condition and pre- 
venting complicating pneumonia. Pulmonary 
atelectasis of the more circumscribed variety 
is also of great clinical significance. It is of 


frequent occurrence as a postoperative com- 
plication, and it is an important factor in 
pulmonary pathological processes associated 
with extensive fibrosis, and with pulmonary 
neoplasm. Its recognition and proper 
evaluation will solve many puzzling situations 
in the study of pulmonary cases.—Massive 
Pulmonary Atelectasis (Collapse), H. Hennell, 
Arch. Int. Med., October, 1929, xliv, 604.— 
(W. I. W.) 


Massive Collapse of Lung.—A case is 
reported of recurrent massive collapse due to 
an intrabronchial tumor. Three successive 
collapses occurred. The third collapse 
lasted six months until the tumor was 
removed by bronchoscopy; the lung then 
expanded.— Recurrent Massive Collapse of 
the Lung Due to a Benign Intrabronchial 
Tumor, H. E. Ashbury, Am. J. Roentgenol. 
& Rad. Ther., May, 1929, Ixi, 452.— 
(W. I. W.) 


Postoperative Massive Collapse and 
Pneumonia.—Experimental and clinical 
study has convinced the author that post- 
operative atelectasis and postoperative pneu- 
monia represent two phases of the same 
morbid condition, the differences being only 
in degree and depending on the type and 
virulence of their most frequent causative 
organism, the pneumococcus. There is only 
one determining cause of atelectasis, and that 
is bronchial obstruction, which must be com- 
plete. Postoperative immobilization of the 
thoracic cavity by pain, impairment of cough 
and respiratory movement by narcotics, are 
predisposing factors. A stasis of bronchial 
secretion follows, producing an irritation of 
the mucosa, which responds by more secre- 
tion. A bronchiolitis occurs, but usually 
clears up as soon as the lung regains its means 
of defense. But, favored by this bronchitis, 
pneumococcus type IV, afrequent inhabitant 
of the upper respiratory tract, can invade the 
lower airways (in every case of atelectasis 
studied bacteriologically this organism was 
found); pneumococcic bronchitis results, with 
a viscid exudate, rich in fibrin. If the com- 
plication remains in the stage of bronchitis, 
it clears up in 24 to 48 hours, but if a bron- 
chial obstruction occurs the evolution of the 
pathological condition depends on the viru- 
lence of the pneumococcus and the other 
microbes present in the occluding mucus. 
If the virulence is low, the exudate will be 
poor in fibrin, toxic symptoms absent, and a 
simple obstructive atelectasis will follow 
by absorption of the alveolar air. This may 
be lobar or lobular according to the size of the 
obstructed bronchus, and it will appear 
within the first 24 or 48 hours after opera- 
tion. If the obstruction is expelled early by 
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coughing, rapid aeration of the lung will 
occur, with disappearance of pain, dyspnoea, 
cyanosis and fever. If the virulence of the 
pneumococcus is higher, the exudate will be 
more viscid and less easily expelled, the toxic 
symptoms marked, and a pneumococcic 
cellulitis follows and gives a postoperative 
pneumonia, varying in extent according to 
the size of the obstructed bronchus. In 
atelectasis a number of bronchi may be 
liberated while others remain obstructed. 
In this way postoperative pneumonia may 
follow atelectasis, or following pneumonia 
another bronchus may become occluded, 
resulting in complicating atelectasis. As a 
further proof of the similarity of the two 
conditions, injection of india ink into the 
lung capillaries of living animals with 
atelectasis and pneumococcic pneumonia, 
revealed exactly the same circulatory dis- 
turbances in the two diseases. Furthermore, 
in producing experimental pneumonia in 
dogs, the same clinical signs were obtained as 
in massive atelectasis, and it is impossible in 
roentgenographs to distinguish between the 
two. The elevation of the diaphragm and 
the cardiac and mediastinal displacement 
are due to atelectatic shrinkage in both dis- 
eases, the difference in the degree of shrink- 
age being due to the amount of exudate in the 
alveoli. If pyogenic microbes or anaerobes 
are present, suppurative pneumonitis, abscess 
or even gangrene may follow.—Postoperative 
Apneumatosis (Atelectasis) and Postoperative 
Pneumonia: Experimental Evidence, P. N. 
Coryllos, J. Am. M. Ass., July 13, 1929, 
aciit, 98 —(G. L. L.) 


X-Ray Features of Massive Col- 
lapse.—The degree of density depends on the 
completeness of the collapse and the presence 
or absence of “drowning.” The involved 
area is more dense than the surrounding 
lung; the heart and mediastinal contents 
are usually displaced toward the affected 
side; the diaphragm is high and, in early 
stages, there is absence of respiratory ex- 
cursion; the intercostal spaces are normal, 
but the costophrenic sinus is usually not 
obliterated. The lower margin is likely to be 
sharply defined, the upper rather mottled 
and indistinct, if only one lobe is involved, 
and if the collapse is in the upper lobe the 
cardiac displacement is less marked. The 
high fixed position of the diaphragm is a 
fairly constant finding, and helps to differen- 
tiate postoperative collapse from collapse due 
to foreign bodies, in which there is usually 
some respiratory movement present. When 
there is much fluid in the air-passages the 
shadows are more dense, the diaphragm may 
be obliterated and cardiac displacement may 
be considerably less. Delay or failure to 


expand may result in a chronic condition 
with a characteristic roentgen appearance, 
especially ifinalowerlobe There is usually 
complete disappearance of air from theaffected 
lobe; the bronchi are dilated, and the patient 
may have symptoms resembling bronchiec- 
tasis or lung abscess. A triangular area of 
dulness is seen between the diaphragm, the 
heart and the normal lobes, the margins 
being sharply defined and the shadow quite 
dense. The diaphragm is usually high, and 
movement is limited. Points of differentia- 
tion from lung abscess or bronchiectasis are 
the triangular or tongue-like shape of the 
shadow, which has an even density without 
mottling or cavity-formation, the sharply 
defined margins without inflammatory reac- 
tion around them, and the location of the 
shadow, usually between the heart and 
diaphragm. In postoperative pneumonia or 
infarction, cardiac and mediastinal dis- 
placement is absent or slight; the diaphragm 
is rarely more than moderately elevated; 
there is usually some respiratory excursion; 
and dull patches in the opposite lung are not 
infrequent. A marked change, often of 
diagnostic value, in postoperative collapse, 
may take place if the patient is allowed to 
cough or change position.— Roentgen Ob- 
servations in Massive Atelectasis and Post- 
operative Pneumonia, G. W. Holmes, J. Am. 
M. Ass., July 13, 1929, xciit, 100.—(G. L. L.) 


Treatment of Postoperative Massive 
Collapse.—A comparative study was made 
of two series of postoperative cases, the first 
series comprising 2,000 cases in which 
operation was done without hyperventila- 
tion with carbon dioxide at theclose. Of this 
series, 12 patients developed massive atelec- 
tasis with cardiac displacement, and the 
condition of several others was suggestive of 
atelectasis. This incidence of 0.6 per cent is 
low for any series of similar cases, reports 
running as high as 1.5 per cent. The second 
series comprised 2,850 postoperative cases. 
Among them 7 cases of atelectasis occurred, 
or 0.25 per cent; 15 per cent of the series did 
not receive hyperventilation after operation, 
and in this group four of the instances of 
atelectasis occurred. Only three patients 
developed massive collapse after receiving 
hyperventilation. Apparently then, the 
incidence of this complication in the hyper- 
ventilated cases was less than one-fourth 
of that in the first series. Postural treatment 
is also of great importance in postoperative 
cases, taking care that the patient does not 
remain constantly in one position. It was 
observed that the dependent lung was always 
the lung affected. Fowler’s position is 
apparently a satisfactory posture. No 
patients in the series so treated have had any 
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important symptoms of massive atelectasis 
for more than 24 to 48 hours.—Massive 
Alelectasis and Postoperative Pneumonia: 
Prophylaxis and Treatment, W. J. M. Scott, 
J. Am. M. Ass., July 13, 1929, xciti, 101.— 
(G. L. L,) 


Size of Consolidated Lung in Lobar 
Pneumonia.—The size of the affected lobes 
in lobar pneumonia, contrary to the gen- 
erally accepted opinion, is smaller than that 
of the healthy lobes. The enlargement of 
the consolidated lung is only apparent and is 
due to the collapse of the healthy lung when 
the thoracic cavity is opened. In order to 
appreciate the true sizes of the consolidated 
and healthy lobes, it is necessary toclamp 
the trachea and then to open the chest with 
only the minimum manipulation of the 
healthy lobes. The decreased size of the 
pneumonic lobe, as shown by Roentgen-ray 
and postmortem studies, points to a similar 
pathogenesis in pneumonia and atelectasis. 
The above points definitely proven for the 
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dog need further confirmation for the 
human being.— The Size of the Consolidated 
Lung in Lobar Pneumonia, P. N. Coryllos 
and G. L. Birnbaum, Am. J. M. Sc., July 1, 
1929, cluxviii, 15.—(W. I. W.) 


Bronchoscopic Findings in Lobar Pneu- 
monia.—Nine cases of bronchopneumonia 
which were bronchoscoped are reported. 
Two facts have been proved: the occlusion 
to the air of the bronchus corresponding to 
the consolidated area in human lobar pneu- 
monia and the innocuousness of a correctly 
performed bronchoscopy on patients with 
pneumonia. This preliminary note has, as 
its object, only the presentation of the 
pathological findings, which seem to support 
the experimental facts upon which the theory 
was based that lobar pneumonia starts as 
a pneumococcic atelectasis.— Bronchosco pic 
Findings in Lobar Pneumonia, N. Coryllos, 
Am. J. M. Sc., July 1, 1929, claxviii, 8.— 
(W. I. W.) 
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Diseases Other than Tuberculosis (continued) 


Serum Treatment of Pneumonia.— 
Favorable results are reported in cases of 
pheumococcus pneumonia treated with 
serum. In type I cases, the mortality was 
reduced 42 per cent and in type II cases 22 
per cent. Nine cases are reported.—Serum 
Treatment of the Pneumococcus Pneumonias, 
J.G. M. Bullowa, Brit. M.J., May 25, 1929, 
no. 3568, 943.—(W.I. W.) 


Chronie Bronchitis.—Following the 
bronchographic examination of a large num- 
ber of patients suffering from so called chronic 
bronchitis, evidence of bronchial dilatation 
was found in more than 90 per cent of the 
cases. All cases of chronic winter coughs 
lasting over a period of months, attacks of 
acute bronchitis, without roentgenographic 
evidence of tuberculosis, should be given the 
advantage of a bronchography. The intro- 
duction of iodized oil into the tracheo- 
bronchial tree is of distinct therapeutic value 
in these cases, as well as in cases of definite 
bronchiectasis with copious foul sputum. 
To secure the necessary wide appreciation of 
bronchography the method used for introduc- 
ing the iodized oil should be simple, harm- 
less, and not unpleasant for the patient. 
This is best accomplished by the passive 
technique, which is less complicated and 
unpleasant than any of the other four com- 
mon methods, namely, the transglottic or 
syringe method; the subglottic route, by 
means of a needle through the cricothyroid 
membrane; the intralaryngeal method, 
through a catheter introduced into the 
larynx; and the bronchoscopic method. In 
the passive method, after an antiseptic 
mouth-wash, the anterior tonsillar pillars are 
painted with 10 per cent cocaine solution, 


continuing the anaesthesia until the swallow- 
ing reflex is abolished. The patient then 
takes into his mouth 3 cc. of a 3 per cent 
solution of procaine hydrochloride, tips his 
head backward, protrudes his tongue, and 
aspirates the anaesthetic into the trachea. 
After painting the anterior pillars again, the 
patient is placed behind the fluoroscopic 
screen, given 10 cc. of iodized oil and aspirates 
it into the proper bronchial tree with the 
aid of posture. The author has used this 
method in 1500 instances without untoward 
results.— An Unappreciated Cause of Chronic 
Bronchitis, A. Ochsner, J. Am. M. Ass., 
July 20, 1929, xciti, 188 —(G. L. L.) 


Foreign Body in Bronchus.—Following 
the extraction of teeth under gas and ether 
anaesthesia, a patient developed fever and an 
unproductive cough. Roentgen examination 
of the chest revealed that the right diaphragm 
was much higher than normal and strangely 
enough there was very little, if any, limita- 
tion of the respiratory motion of the right 
diaphragm. The lung field above the 
diaphragm was clear. There was only 
slight displacement of mediastinal shadows 
toward the right, and there was no narrowing 
of the interspaces. Bronchoscopy was per- 
formed and disclosed a foreign body in the 
right descending bronchus which was re- 
moved. The patient made an uneventful 
recovery.— Foreign Body in the Bronchus, 
R. Dresser, Am. J. Roentgenol. & Rad. 
Ther., May, 1929, xxi, 472—(W. I. W.) 


Bronchiectasis.—The knowledge ac- 
quired in the study of 92 cases of bronchiec- 
tasis seems to justify the following conclu- 
sions: J: In about 60 per cent of all cases a 
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diagnosis of bronchiectasis can be made from 
astudy of the plain films. 2: In the majority 
of the remaining cases, such an examination 
will reveal findings of a nature to indicate 
the probable presence of bronchiectasis or the 
desirability for further investigation by 
bronchography. 3: Diagnostic bronchog- 


raphy with iodized oil is essential for obtain- 
ing accurate information relative to the nature, 
location and extent of bronchiectatic dila- 
tions.— Bronchiectasis, A. Hartung, Am. J. 
Roentgenol. & Rad. Ther., August, 1929, 
xxit, 120.—(W. I. W.) 


Bronchiectasis in Childhood.—A series 
of 53 cases of bronchiectasis in children 
under thirteen years, occurring in a five-year 
period, is reported. Bronchopneumonia, per- 
tussis and measles are the common antecedent 
factors in the production of bronchiectasis, 
since they carry infection deep into the 
framework of the bronchi and lungs. Disease 
of the accessory sinuses is thought to be a 
concomitant factor in maintaining a state of 
sepsis. Tables are given to demonstrate the 
protean nature of the disease and to correlate 
the physical findings with the pathological 
lesions, especially in early cases. Evidence 
has been presented showing the damaging 
effect of the disease on the nutritional state 
of the affected children. A rational mode of 
treatment includes drainage of the pus-filled 
bronchi and care of the general health of the 
patient.—Chronic Bronchiectasis in Child- 
hood, with Observations on Early Diagnosis, 
E. S. Thorpe, Jr., Am. J. M. Sc., June, 
1929, clxxvit, 759.—(W. I. W.) 


Cavities and Bronchiectasis.—In no 
case was the healing of a cavity noted in a 
progressive fatal case of tuberculosis. The 
ideal healing of the cavity occurs most fre- 
quently in those cases in which the tuber- 
culosis healed clinically. The histological 
differentiation between healed cavities and 
bronchiectases is possible in most cases, 
especially when the wall reveals a typical 
bronchiectatic tissue structure. The points 
of differentiation given are (1) high cylindri- 
cal epithelium; (2) circular or longitudinal 
smooth musculature; (3) circular layers of 
elastic fibres; and (4) cartilagenous tissue; 
which all point to the bronchiectatic charac- 
ter of the condition. The expression “bron- 
chiectatic cavities” is considered a con- 
tradiction since a cavity is a hole resulting 
from destructive processes. In the contrac- 
tion of cavities bronchiectases can develop 
in the close vicinity and these may reveal 
inflammatory changes as well as connective- 
tissue infiltration.— Histologische Untersuch- 
ungen tiber die Beziehungen zwischen Kavernen 


und Bronchiektasien, zugleich ein Beitrage 
zur Frage der Kavernenhetlung, E. Melzer, 
Beitr. 2. Klin. d. Tuberk., 1928, lux, 694.— 
(H. J.C.) 


Abscess of Lung.—A consideration of the 
pathogenesis of pulmonary suppuration fol- 
lowing tonsillectomy is presented from the 
points of view of the embolic and aspiratory 
hypotheses. Results of experimentations 
on animals as well as clinical experience point 
to the fact that, while embolic abscesses may 
occur, they are exceptional. The greater 
amount of evidence is in favor of aspiration 
as the mode of production of suppuration of 
the lung following operations on the upper 
respiratory tract. Three of 27 dogs that 
received, through the bronchoscope, 0.5 cc. 
of mixed cultures of bacteria recovered from 
the sputum of patients with abscesses of the 
lungs following tonsillectomy, developed ab- 
scesses with cavities, one developed pul- 
monary suppuration, and a fifth presented 
evidence of a healed suppurative process in 
the lower lobe of the left lung,—14.8 per cent 
of pulmonary suppuration. Suppuration 
following tonsillectomy, characterized by 
Aschner as bronchiectatic, extrabronchial 
abscess and suppurative pneumonitis, have 
been found by him in specimens of the 
lungs studied from two to five years after 
tonsillectomy. While the last two forms 
have been obtained experimentally, bron- 
chiectatic abscess could not be produced by 
this method in dogs. The reason suggested 
for this failure is to be found in the rapid 
tendency on the part of abscesses experimen- 
tally produced in dogs to go on to healing. 
Encapsulation of the abscess was already 
observed as early as the eleventh day. The 
development of pulmonary abscesses in dogs 
is first manifested by the presence of pneu- 
monia as demonstrable by the roentgen rays. 
This is comparable to the condition seen in 
the human being in the earliest stages follow- 
ing tonsillectomy. Subsequent stages of 
this condition, as studied histologically in 
dogs, are characterized by the occurrence 
of necrosis within the pneumonic area and in 
cavity-formation. This may persist or go 
on to healing. If results obtained in dogs 
may be translated to the conditions occurring 
in man, it is suggested that following aspira- 
tion of infectious material from the upper 
respiratory tract, the current of events is as 
follows: (1) pneumonitis; (2) necrosis and 
cavity-formation; (3) healing or persistence 
of the primary abscess with the formation of 
secondary bronchiectasis.— The Pathogenesis 
of Aspiratory Abscess of the Lung: Iis 
Possible Relation to Abscess of the Lung 
Following Tonsillectomy, J. Harkavy, Arch. 
Int. Med., June, 1929, xliti, 767.—(W. I. W.) 
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Treatment of Pulmonary Abscess with 
Artificial Pneumothorax.—The author 
reports 4 cases of pulmonary abscess treated 
with artificial pneumothorax and in one of 
these healing occurred. It is pointed out 
that the early institution of pneumothorax 
is necessary since adhesions interfere with 
the proper institution at a later period. If 
pneumothorax does not succeed surgical 
intervention is advised.—Uber die Behand- 
lung des Lungenabscesses, Bredow, Bettr. 2. 
Klin. d. Tuberk., 1928, lxx, 707.—( H. J. C.) 


Treatment of Deepseated Pulmonary 
Abscesses.—The author attempted to elabo- 
rate on Sauerbruch’s compression with 
paraffin by using pieces of sponge which 
had been sterilized by cooking in dilute sub- 
limate solution. The dogs used for the 
experiment were killed after 2 to 3 weeks and 
the sponge as well as the sponge bed ex- 
amined macroscopically and microscopically. 
When healing occurred without any adverse 
reaction to the pieces of sponge it was found 
firmly adherent to the pleura and pulmo- 
nary tissues, while the pulmonary section was 
compressed and free from air. In one case 
there was a phlegmon of the chest-wall, and 
two dogs died of empyema as the result of 
perforation into the pleural cavity.— Tech- 
nisches zur Behandlung tiefliegender Lungen- 
eiterungen, M. Saidman, Centralbl. f. Chir., 
1928, lv, 1746.—(H. J. C.) 


Emphysema and _  Heart.—Sixty-six 
patients with advanced emphysema were 
examined to determine whether the heart is 
injured in this condition. Symptoms of 
cardiac decompensation, such as cyanosis and 
dyspnoea on exertion, were present in 58, and 
oedema was also present in 18. The cases 
studied had a definite aetiology ascribable 
either to a bronchial lesion or to one of the 
chest-wall. Nine of the cases came to 
autopsy. The normal ratio of right to left 
ventricular weight was maintained in all 
instances. In 8 there was no evidence of 
right or left ventricular dilatation or hyper- 
trophy or of excessive fibrosis. It was 
noticed that the symptoms simulating 
cardiac decompensation became worse when 
there were acute exacerbations of the under- 
lying pulmonary disorders. It was finally 
concluded that the dyspnoea and cyanosis 
could be attributed to the lowered vital 
capacity, resulting in a reduced oxygen con- 
tent of the arterial blood. The oedema was 
ascribed to increased peripheral venous pres- 
sure and anoxaemia. A study was made of 
experimental emphysema produced in dogs, 
and it was found that, as emphysema de- 
veloped, the intrapleural pressure rose. This 
was followed by a rise in the peripheral ve- 


nous pressure. Since the flow of blood to the 
right heart depends, in part, on the negative 
intrathoracic pressure, any mechanism that 
lessens this negative pressure tends to block 
the venous return, resulting in increased pe- 
ripheral venous pressure, with the right heart 
actually receiving less blood than normally, 
which may explain the absence of hyper- 
trophy in the cases which came to autopsy.— 
Emphysema Simulating Cardiac Decompen- 
sation, W. B. Kountz, H. L. Alexander and 
D. Dowell, J. Am. M. Ass., November 2, 
1929, xciti, 1369.—(G. L. L.) 


Pneumococcie Empyema.—Of nine 
patients with pneumococcus empyema 
thoracis, all received repeated intrapleural 
injections, after aspiration of pus, of from 
5 to 10 cc., of a 5 per cent sterile, watery, 
warm solution of ethylhydrocupreine hy- 
drochloride. Four patients later required rib 
resection and drainage; five patients made 
complete nonoperative recoveries. There were 
no deaths in any of the cases, and none 
developed any serious or disabling complica- 
tions or sequelae. Slight transient infections 
of the puncture wound occurred in several 
cases. There was a retrogressive change in 
the character of the exudate in all of the 
cases, even in those which later came to 
surgery, from a thick yellowish pus to a thin 
serofibrinous and watery fluid. One great 
advantage of this procedure is that it delays 
any radical operative procedure until a time 
long past that when the pneumonia has sub- 
sided, eliminating the danger of a pneu- 
mothorax at that time. During the period 
of treatment it is possible to markedly in- 
crease the patient’s resistance and weight. 
All nine cases came to surgery practically 
free from fever and dyspnoea.—Pneumococcic 
Empyema: Treatment by Intrapleural In- 
jections of Ethylhydrocupreine Hydrochloride, 
H. Lowenburg, J. Am. M. Ass., July 13, 
1929, xcitit, 106—(G. L. L.) 


Aspiration in Empyema.—Thirty-seven 
patients, all except two under 8 years of age, 
were treated for empyema, the treatment 
consisting of aspiration alone in all except 
five patients. Of this series of cases 3 children 
died, a mortality of 9 per cent. The re- 
maining patients are apparently normal in 
every way. In all 122 aspirations were per- 
formed, with either a syringe or a Potain as- 
pirator, after local anaesthesia, and no shock 
or alarn.ing symptoms were encountered. 
The interval between aspirations was deter- 
mined by the symptoms, and there was al- 
ways a tendency toward delay rather than 
haste, as it was felt that empyema is rarely, 
if ever, an emergency. A few of the pa- 
tients had a very limited amount of pus. 
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Cultures were made in all cases, 28 showed 
pneumococcus, three haemolytic streptococ- 
cus and one Staphylococcus albus. The aver- 
age hospital stay was about 15 weeks. As 
a rule the temperature dropped to nearly 
normal following aspiration, with a gradual 
elevation within a week or more. In only 
3 cases was there a transient needle-tract 
infection. In 50 per cent of the patients 
spontaneous pneumothorax occurred as a 
complication, but it was noticed that very 
often this occurrence was a factor in bring- 
ing about recovery. In no instance was 
there a persistent bronchial fistula. In the 
majority of cases no attempt was made 
to aspirate all the pus, and apparently large 
amounts can safely be absorbed or evacuated 
spontaneously. Among other observations it 
would seem that children under 3 years of 
age do better with aspiration alone than with 
the open operation, and also fare better than 
older children. Of this series, 50 per cent 
were under 3 years of age, in which group 
there was only one failure, and 12 per cent 
were less than or just 12 months old. The 
authors would favor aspiration alone in the 
treatment of children under 3 years of age; it 
would seem probable that infants bear in- 
fringement on their vital capacity, such as 
would occur with the open operation, less 
well than do children or adults. In children 
over 10 or 12 years of age, the omission of 
aspiration is favored, or at least there should 
be earlier operation.— Aspiration in Empyema 
of Children, E. T. McEmery and J. Brenne- 
mann, J. Am. M. Ass., August 3, 1929, 
xcttt, 362.—(G. L. L.) 


Treatment of Empyema.—Fifty-seven 
patients with acute, chronic, and tubercu- 
lous empyema, have been treated with an 
irrigating apparatus that permits a very 
satisfactory tidal irrigation, adding fresh 
irrigating fluid at a point near the chest, 
giving the desired suction without any 
machinery or complicated drip apparatus, 
and automatically varying the amount of 
suction or positive pressure so as to distend 
the empyema cavity by adding clean 
solution, then emptying it by sucking off 
the diluted pus. This alternation prob- 
ably prevents a too rapid expansion of the 
lung, and also should prevent the formation 
of pockets of pus by pleural adhesions. 
Drainage of the empyema by this method 
is as good as or better than with a rib 
resection and open drainage and osteomyelitis 
of the ribs is less likely to occur; hence recur- 
ring abscesses are infrequent. By this 
method patients with acute streptococcus 
empyema can be treated by early drainage. 
Patients with bilateral massive empyema can 


be treated by drainage, and sufficient lung 
expansion can be maintained by the proper 
adjustment of suction. Chronic or even 
tuberculous empyema cavities can be cleaned 
and obliterated either by irrigation and 
suction alone, or by these in association with 
phrenicectomy and thoracoplasty. Bron- 
chial fistulae close within a short time, and 
cough is quickly relieved. None of the 
patients so treated developed chronic 
empyema, and no patient was discharged with 
a draining sinus. There is usually less 
thickening of the pleura, chest deformity is 
almost unknown, and convalescence is defi- 
nitely hastened. The aetiological micro- 
organisms were chiefly of the pneumococcus, 
streptococcus and staphylococcus groups. 
For 13 children, two years of age and under, 
the mortality rate was 8 per cent as compared 
with 50 per cent over the preceding 15 years. 
The hospital mortality rate for the 50 patients 
treated was 10 per cent, but three deaths 
were due to hopeless complications present at 
the time of operation—Empyema, Acute, 
Chronic and Tuberculous: Report of Fifty 
Cases Treated by Tidal Irrigation and Suction, 
D. Hart, J. Am. M. Ass., November 30, 
1929, xciti, 1724.—(G. L. L.) 


Closed Drainage of Empyema.—It takes 
from one to three weeks from the beginning 
of a pleural infection before the empyemic 
abscess can be limited and localized by tough 
pleuraladhesions. Open drainage before this 
occurs substitutes a tremendously large 
empyema for a localized one, and in the case 
of a very flexible mediastinum, may result in 
death from anoxaemia. In the presence of 
thin streptococcal pus, firm adhesions may 
not form for three weeks. Safe removal 
of the increasing amount of pus during the 
period when open drainage is unsafe may be 
accomplished by either repeated needle 
aspirations or closed air-tight drainage. If 
aspirated empyemic pus, no matter what the 
character or how high the fever, shows no 
pyogenic organisms on culture, closed or 
open-tube drainage is contraindicated, as it 
may be a pure tuberculous empyema, and 
tube drainage will result in secondary infec- 
tion. The best time to perform closed-tube 
drainage is within a few days of the onset, 
before massive fibrinopurulent clots have 
formed. A satisfactory technique for the 
closed operation for drainage follows: The 
posterior axillary line is the site usually 
chosen, and the intercostal space selected is 
that over the lower midportion of the 
empyema. The bottom of the abscess is not 
sought because of danger of wounding the 
diaphragm and because with this method 
absolutely dependent drainage is not neces- 
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sary. The anaesthetic used is 0.5 per cent 
apothesine solution. The tissues over the 
ribs are pushed upward for the incision, so 
that on release the tube passes obliquely into 
the pleural cavity. The skin is incised only 
enough to accept the selected size of endo- 
scope (in children as young as 3 or 4 an 
endoscope with an outside diameter of 11 
mm. may be used). After further opening 
with a closed haemostat, the endoscope is 
pushed through, and with the obturator 
withdrawn the pus wells up and seals the 
pleural cavity against entrance of air. A 
rubber tube is inserted, and clamped off. 
The inner end should be not more than 3 cm. 
beyond the parietal pleura. A second tube, 
small, such as a Dakin tube, should be 
inserted into the interspace above, to provide 
an avenue for antiseptic washings. The 
tubes are held in position by being tied to a 
perforated rubber sheet strapped to the skin 
with adhesive. The pus is allowed to escape 
very slowly, and very little is removed in the 
operating room. At hourly intervals 60 cc. 
of pus are allowed to escape under sterile 
boric-acid solution until drainage ceases. 
Then the drainage tube is connected, through 
a sterile glass couple, with a long tube whose 
end is placed under the surface of fluid, for 
continuous drainage. At the proper inter- 
vals, the irrigating tube can be used for 
washing the pleural cavity with boric acid 
or chlorinated soda solution. This closed 
method hastens expansion of the lung and 
obliteration of the empyemic cavity, and after 
pleural adhesions have formed the tubes 
may be removed, in about ten days, to con- 
tinue with open drainage if necessary because 
of repeated plugging. Respiratory exercises 
should be used to hasten closure of the pleural 
cavity. It is preferable not to remove the 
drainage tube until such time as the cavity is 
practically obliterated—Air-Tight Inter- 
costal Drainage of Acute Empyema, J. 
Alexander, J. Am. M. Ass., June 1, 1929, 
xeit, 1818 —(G. L. L.) 


Spontaneous Nontuberculous Pneu- 
mothorax.—Spontaneous nontuberculous, 
nontraumatic pneumothorax is rare. A case 
is reported of a schoolgirl of 12 years who 
had erysipelas, abscesses in hand and lung, 
staphylococcus aureus septicaemia and 
spontaneous pyopneumothorax following the 
rupture of a subpleural pulmonary abscess. 
The child was recovering when she died sud- 
denly on the twentieth day of her illness. 
Clinical and partial pathological examination 
revealed the condition.—Spontaneous Non- 
tuberculous Pneumothorax, J. Browder, Am. 
J. Surg., September, 1929, n.s. vit, 415. 
—(H. S. W.) 


Fibrin Body in Pneumothorax.—The 
presence of fibrin bodies in pneumothorax 
cavities has been noted on ten occasions. 
All cases concern patients with pulmonary 
tuberculosis, who were receiving pneumo- 
thorax treatment. A serous or haemorrhagic 
exudate developed in every instance and 
preceded the appearance of these fibrin 
bodies. The exudate was observed to be in 
the right chest in every instance but one. 
The fibrin bodies were multiple on two 
occasions. These fibrin bodies cause no 
discomfort and usually disappear, but the 
exudate disappears first— Fibrin Body in 
Pneumothorax Cavity, H. C. Ballon, Am. J. 
Roentgenol. & Rad. Ther., September, 1929, 
xxii, 238 —(W. I. W.) 


Pneumothorax Associated with 
Emphysema.—It is suggested that pneu- 
mothoraces be classified in the following way: 
According to the basic disease in tuberculous, 
abscess-, emphysema-, and pleuritis-pneu- 
mothoraces; according to the immediate 
causative factor; external trauma (physical 
exertion), internal trauma (coughing, 
sneezing), spontaneous (perforation of a 
cavity or an abscess without trauma). Two 
patients are reported in careful detail, in 
whom coughing produced a pneumothorax; 
they both had emphysema. A third patient 
developed a pneumothorax on the basis of a 
pleuritis; the immediate cause, in this case, 
was also coughing. The diagnosis of a 
spontaneous pneumothorax is easy when a 
majority of the characteristic signs and 
symptoms are present. Whether this is the 
case or not depends on the intrathoracic 
pressure, on the condition of the contralateral 
lung and on the condition of the homolateral 
pleura. Considerable emphysema of the 
other lung, encapsulated effusions, and ex- 
tensive adhesions may obscure the diagnostic 
signs. In cases of massive emphysema it is 
particularly difficult to rule out the presence 
of subpleural tuberculous foci. In two of 
the reported cases, the diagnosis was made 
clinically only; the roentgenological examina- 
tion did not reveal any evidence of pneumo- 
thorax. If air is spread as a thin mantle 
over the pulmonary surface, the condition 
may not be recognized roentgenologically. 
The prognosis is determined by the aetio- 
logical diagnosis. Nontuberculous pneumo- 
thoraces heal well and without complications, 
as a rule. The prognosis depends further 


on the amount of air present, on the shifting 
of the mediastinal structures, and on the 
function of the circulatory system. When 
symptoms of pressure occur (shifting of 
mediastinum, dyspnoea, circulatory dis- 
turbances, etc.), air should be removed. 
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Otherwise, simple rest will usually be suffi- 
cient.—Ueber den Emphysempneumothorax, 
H. Krasso, Wien. klin. Wchnschr., May 16, 
1929, xlit, 676.—(M. P.) 


Rapid Breathing from Pulmonary 
Congestion and Oedema.—In 1920 Dunn 
demonstrated that multiple embolism of the 
pulmonary arterioles and capillaries is fol- 
lowed by a temporary inhibition of respira- 
tion, succeeded by rapid shallow breathing. 
He attributed this phenomenon to the 
stimulation of sensory nerve-endings in the 
lung. This explanation was favored by the 
fact that the injection of starch produced no 
alteration in the respiratory rate when both 
vagi had been previously sectioned. Froma 
carefully planned series of experiments con- 
cerning the effects of pulmonary embolism 
and other modifications of the pulmonary 
circulation, Binger, Moore, ef al. (1924, 1927) 
conclude as follows: Since rapid and shallow 
breathing is not the result of (1) anoxaemia, 
(2) increased p COz and hydrogen-ion con- 
centration of the blood, (3) restriction of the 
pulmonary vascular bed by nearly one-half, 
(4) increase in resistance to the flow of blood 
to and from the lungs, (5) the presence of 
starch grains in the lungs acting as a local 
irritant, it must be the result of the second- 
ary pathological changes which occur in the 
pulmonary parenchyma following embolism. 
Whether these changes (congestion and 
oedema) operate directly on nerve-endings 
or through their influence on lung volume 
and tissue elasticity is not certain. During 
the course of an investigation having quite 
another bearing the authors of the present 
article made certain observations which ap- 
pear to demonstrate the occurrence of the 
usual signs of vagal stimulation in association 
with the experimental production of pul- 
monary congestion and oedema. As the 
method employed was completely different 
from those employed by Dunn or Binger, it 
is reported in detail. A Drinker heart prep- 
aration was made in a cat anaesthetized with 
intravenous sodium-barbital (5 per cent 
solution). This procedure, when complete, 
leaves the heart exposed in a normally breath- 
ing animal, and is easily made by suturing the 
edges of the pericardium to the margins of an 
oval window created in the anterior wall of the 
chest by the removal of the sternum. After 
the closure of the chest and the resumption 
of normal respiration, ligatures were placed 
about the right branch of the pulmonary 
artery, and the group of right pulmonary 
veins, respectively. A cannula inserted into 
the right branch of the pulmonary artery, 
distal to the point of ligation and connected 
by tubing to a glass reservoir, permitted 
changes in pressure by raising or lowering the 


reservoir. The pressure obtained was re- 
corded witha manometer. At the same time 
records were also made of the systemic blood- 
pressure, pulse-rate and respiratory move- 
ments. In such a preparation the right lung 
is isolated from the rest of the circulation of 
the animal except for the amount of blood that 
may enter it through the bronchial artery. 
Ventilation of this lung is maintained by the 
normal respiratory movements of the animal 
as the lung is in its normal position in the 
closed pleural cavity. By changing the height 
of the reservoir connected to the cannula in 
the right branch of the pulmonary artery, it is 
possible to alter the intravascular pressure in 
this isolated lung. Such changes may be 
produced without directly modifying the 
dynamics of the systemic circulation or alter- 
ing the gaseous exchange in the circulating 
blood. The latter is maintained by the 
normally functioning left lung. This ex- 
perimental production of pulmonary conges- 
tion and oedema in a hing completely isolated 
from the general circulation, but with an 
intact nerve-supply, was repeated fifteen 
times on six different cats with perfectly 
consistent results. These are a slowing of the 
heart-rate, a fall in systemic blood-pressure, 
and a temporary inhibition of respiration 
succeeded by rapid shallow breathing. The 
pulse-rate and blood-pressure show a rapid 
and spontaneous return to initial conditions. 
The respirations show a partial but not a com- 
plete return to their former rate and depth. 
The effects on respiration are similar to those 
described by Dunn and Binger and Moore 
which follow multiple embolism of the pul- 
monary circuit with starch granules. The 
alterations in the pulse-rate and _blood- 
pressure are characteristic of the effects of 
vagal stimulation. A chemical effect on the 
respiratory centre is excluded by the nature 
of the preparation. These results, therefore, 
add further evidence to support the hypoth- 
esis that the rapid shallow breathing 
attending congestion and oedema of the lungs 
is due to the stimulation of nerve-endings in 
the lungs—The Rapid Shallow Breathing 
Resulting from Pulmonary Congestion and 
Edema, E. D. Churchill and O. Cope, J. 
Exper. Med., April, 1929, xlix, 531.— 
(J. S. W.) 


Psittacosis.—Psittacosis is an epidemic 
disease of parrots, the chief symptoms being 
general debility, loss of appetite, and chronic 
enteritis. Its mortality among infected birds 
is very high. The disease was first recog- 
nized by Ritter of Germany in 1879. It was 
not until 1892, however, that the disease was 
recognized in man. At that time there 
occurred in Paris an epidemic of psittacosis, 
which was at first thought to be an unusual 
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manifestation of influenza. Dubief was the 
first to suggest that the disease was trans- 
mitted from ill parrots to man. Nocard 
isolated a bacillus from the bone-marrow of 
affected parrots and established it as the 
cause of their disease. Gilbert and Fournier 
later isolated from a human case an organism 
indistinguishable from Nocard’s. Of four 
cases of psittacosis in man here reported, 
two completely recovered, and two died, but 
postmortem examination was not made. 
Symptoms may be referable to the pulmo- 
nary, gastrointestinal and nervous systems. 
A very troublesome cough without expectora- 
tion was present in all of the cases reported. 
Pain in the chest and slight to moderate 
dyspnoea were also noted. The most con- 
spicuous symptoms referable to the gastro- 
intestinal system were anorexia, vomiting 
after meals, pain in the epigastrium, ab- 
dominal distention and diarrhoea. Nervous 
symptoms were delirium lasting several days, 
headache, high fever at least a few days prior 
to death, and slow pulse in comparison to the 
temperature range. Physical signs over the 
chest are at first very meagre; later they 
become those of a diffuse bronchopneumonia, 
with impairment of percussion note, bron- 
chovesicular to bronchial breathing, and fine 
to medium, and sometimes coarse rales. It is 
striking that while in parrots the lesions are 
limited to the alimentary tract, in human 
beings it is the pulmonary complications that 
are the most conspicuous features of the 
disease. The chief clinical point of this 
discussion is that anomalous cases of con- 
tinued fever, in some ways suggestive of 
typhoid septicaemia with moderate to marked 
pulmonary involvement, should always raise 
the question of the possibility of psittacosis 
infection.—Psittacosis, with an Account of 
Cases of Human Infection, A. P. Thomson, 
Lancet, July 20, 1929, ccxvit, 115.— 
(H. McL. R.) 


Nematode Infestation of Lung.—A 
case is reported from Manila, P. I., the first on 
record, of infestation of a human lung by a 
nematode of the genus Cyathostoma. The 
patient, shortly after his return from a trip 
on which, because of certain hardships, he was 
often exposed to contamination with the 
dejecta of birds and animals, began to suffer 
from acute bronchitis, which persisted for 
more than five months. The symptoms 
were severe coughing in the mornings, with 
occasional tenacious rust-colored sputum, and 
wheezing respiration, with the nightly de- 
velopment of typical asthmatic attacks. After 
two months slight haemoptysis was fre- 
quently noted, there was intense laryngeal 
tickling, a dull aching pain over left bronchus, 
but no fever or loss of weight. There was 


an area in the second left intercostal space 
near the sternum which seemed to bulge on 
coughing, caused pain and tenderness, and 
yielded medium rdles on auscultation. 
Roentgenographs were negative, the sputum 
was mucopurulent, and there was an eosino- 
philia varying from 7 to 28 per cent. Many 
ova were found in the sputum. Inhalations 
proved useless, as well as intravenous neo- 
arsphenamine. The patient finally expelled 
a female nematode 16.6 mm. long in the 
sputum, and his health rapidly returned to 
normal.—Infestation of the Lung by @ 
Nematode of the Genus Cyathostoma, J. H. 
St. John, J. S. Simmons and L. L. Gardner, 
J. Am. M. Ass., June 1, 1929, xcii, 1818.— 
(G. 


Pulmonary Lymphogranulomatosis. 
—The author presents a case of pulmonary 
lymphogranulomatosis complicated with 
tuberculosis. The combination of lympho- 
granulomatosis with tuberculosis is rare. 
The blood picture usually is one with a 
leucocytosis and outspoken lymphopenia. 
The Wessler and Green differential diagnostic 
point of enlargement of the right paratra- 
cheal lymph nodes was absent in this case. 
The differential points between carcinoma 
and tuberculosis are discussed.—Uber die 
Lymphogranulomatose, insbesondere deren 
pulmonale Form, A. Bernstein, Zeitschr. f. 
Tuberk., 1928, lit, 202.—(H. J. C.) 


Lymphadenoma.—A case of coexisting 
Hodgkin’s disease and tuberculosis, occurring 
in a young white male, is reported. Micro- 
scopic studies revealed necrotic foci in the 
glands. These necrotic foci occur in lymph- 
adenomatous nodes and they must be differ- 
entiated from areas of caseation.—Coexist- 
ence of Lymph Adenoma and Tuberculosis, 
T. K. Menon and T. B. Menon, Brit. M.J., 
June 8, 1929, no. 3570, 1037.—(W. I. W.) 


Coccidioidal Granuloma.—A study was 
made of 50 cases of coccidioidal granuloma, 
the average age of the patient being 28 years, 
41 males and 9 females. Fifteen patients 
gave a history of pulmonary symptoms, 2 
to 16 weeks prior to the initial external 
lesion. Twenty-six of the 40 cases in which 
roentgenographs pertinent to the patho- 
logical process were obtained gave evidence 
of active pulmonary lesions. These lesions 
are of two types: A diffuse shadow, some- 
times to the degree of pneumonia, usually 
seen early in the course of the disease, and a 
miliary involvement seen late, the latter type 
in 7 cases. In two cases there was superior 
mediastinal broadening. Some serial films 
revealed a change of location of the diffuse 
shadow from one side to the other, showing 
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that the roentgenological evidence can en- 
tirely disappear. X-ray evidence occurred 
in the right lower lobe twice as frequently as 
in any other part of the lung fields, and twice 
as frequently in both hilar regions as in one. 
Lesions of long bones are three times as com- 
mon in the epiphyseal ends as in the shafts. 
It is the opinion of the authors that there are 
three main clinical types of patients: J: 
Patients whose pulmonary infection is 
heavily seeded, who usually die before many 
or extensive somatic lesions have time to 
develop. 2: Patients whose pulmonary in- 
fection is moderately seeded, with ignored 
pulmonary symptoms, but who develop 
multiple somatic lesions in which the organ- 
isms multiply and which become extensive 
with consequent blood-borne return infection 
to the lung, taking the form of miliary in- 
volvement, the duration of life usually aver- 
aging 9 months. 3: Patients in whom the 
pulmonary infection is lightly seeded, who 
develop few somatic lesions which heal or 
become very chronic, such cases lasting for 
years or until lowered resistance results in a 
miliary pulmonary involvement.—Coccidi- 
otdal Granuloma: Analysis of Fifty Cases, 
N. Evans and H. A. Ball, J. Am. Med. Ass., 
December 14, 1929, xciit, 1881.—(G. L. L.) 


Coccidioidal Granuloma and Tuber- 


culosis.—The comparison of coccidioidal 
granuloma and tuberculosis in their acute 
and chronic forms is of considerable impor- 


tance. The gross osseous and pulmonary 
lesions are identical with tuberculous lesions, 
except that there is less tendency to pulmo- 
nary cavitation and greater tendency to wide- 
spread osseous involvement than in tuber- 
culosis. The diagnosis is established by the 
pathological laboratory. The roentgeno- 
graph is not a means of differentiation. For 
the diagnosis of coccidioidal disease, the 
double-contoured, endosporulating cell must 
be found in pus (or fixed tissue), with the 
characteristic cultural manifestations, and 
confirmed by inoculation into male guinea 
pigs. Suppurative orchitis is the diagnostic 
lesion. An autopsy is necessary in the 
human being for the diagnosis of the acute 
‘form in which there are no peripheral lesions. 
Although coccidioidal granuloma appears to 
be essentially a Western disease, infection has 
occurred in the Eastern and Midwestern 
.states and in South America.—Coccidioidal 
Granuloma: An Epidemiologic Survey, with 
a Report of Twenty-Four Additional Cases, 
W. T. Cummins, J. K. Smith and C. H. 
Halliday, J. Am. M. Ass., October 5, 1929, 
xciti, 1046.—(G. L. L.) 


Congenital Cystic Lung.—A patient, 
aged nineteen, had mild respiratory symp- 


toms and cough. This case met the require- 
ments, both clinically and roentgenologically, 
of a cystic lung of the congenital type and 
for lack of establishment of another definite 
aetiological factor, is considered such— 
Congenital Cystic Lung, D. N. Gibson, Am. 
J. Roentgenol. & ox Ther., August, 1929, 
xxii, 155—(W. I. W.) 


Diaphragmatic Pleurisy.—In diaphrag- 
matic pleurisy, the pleura covering the base 
of the lung or diaphragm is inflamed. This 
may occur either as an independent disease or 
coincident with inflammatory processes in 
the lungs or in subdiaphragmatic organs. Six 
cases in which the disease occurred as an 
independent manifestation were observed. 
The aetiology could not be established; in 
two cases, only, was there any reason to 
suspect tuberculosis, one patient having a 
tuberculosis of the hilar lymph nodes and 
the other patient having had apical tuber- 
culosis. This disease produces more or less 
characteristic pains which should be grouped 
as spontaneous pain and pain upon pressure. 
Spontaneous and frequently quite violent 
pain is observed in the lower part of the dis- 
eased thorax and is aggravated by any 
diaphragmatic motion. The pain frequently 
radiates, chiefly to the shoulder. This pain 
is transmitted through the sensory fibres, 
which run in the phrenic nerve and which 
produce reflex pain through the fourth 
cervical segment. In addition, there exists a 
visceromotor reflex which produces an in- 
creased tonus_in the musculature of the 
shoulder. Since the lateral part of the 
parietal pleura is frequently involved, pain 
over the lateral part of the ribs may occur. 
Mussey described the boutons diaphrag- 
matiques, that is, the points on which pressure 
elicits characteristic pain. This induced 
pain is diagnostically more important than 
spontaneous pain. The most characteristic 
points of pressure are between the two 
insertions of the sternocleido muscle imme- 
diately above the clavicle, parasternally in 
the upper intercostal space, the point where 
the parasternal line and the continuation of 
the tenth rib meet, along the insertion of the 
diaphragm on the thorax, and in all the 
regions which are supplied by the cervical 
plexus. The first point of pressure was 
present in all 6 cases, whereas the findings in 
regard to the other points were irregular. 
The physical findings are similar to those of 
unilateral paralysis of the diaphragm, but 
paradoxical breathing is absent. The mas- 
sive impairment of the percussion sound in 
the lower part may simulate an effusion, 
but the shape of the upper limit is different 
and the paravertebral triangle is absent. 
There may be some tympanitic note over the 
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Jung immediately above the dulness, due to 
the relaxation of the pulmonary tissue. The 
auscultatory findings are not characteristic, 
with the exception of the decreased breathing 
sounds above the area of dulness. The 
respiratory rate is usually markedly in- 
creased. The diseased side lags. A sudden 
contraction of the abdominal rectus muscle 
near its insertion on the thorax at the 
beginning of inspiration has been described 
as a characteristic sign, but it was absent in 
all 6 cases. The temperature is usually 
slightly elevated. The X-ray picture of the 
chest shows a high and smooth diaphragm, 
without any process in the lung, which may 
account for a retraction, and without evi- 
dence of increased intraibdominal pressure. 
The tonus of the diaphragm is decreased, as 
indicated by a sudden elevation with each 
sniffing inspiration. In this regard, the 
diaphragm behaves differently from any 
other muscle which is covered with serosa. 
All other such muscles are contracted and 
increased in tonus in the presence of inflam- 
mation of the serosal covering. It is, there- 
fore, likely that in diaphragmatic pleurisy, 
the serositis is associated with a myositis or 
with impairment in the neuro-muscular 
junction. In addition to the elevation of the 
diaphragm, there is always a more or less 
pronounced impairment of motion. There is, 
however, no complete paralysis. Serial 
roentgenographs show that coincident with 
an abrupt disappearance of pain, the elevation 
of the diaphragm disappears usually sud- 
denly. The manifestation and the course of 
the disease are so characteristic that 
diaphragmatic pleurisy shouid be recognized 
as a Clinical entity. Elevation of one leaf 
of the diaphragm with negative findings in 
the lung, with lagging of the diseased side 
of the thorax, with a smoothly curved 
diaphragmatic line, and with decreased 
tonus in the presence of the more or less 
characteristic, spontaneous and induced pain, 
are considered pathognomonic for the dis- 
ease.—Die Pleuritis Diaphragmatica als 
Selbstandige Erkrankung, L. Hollaender, 
Klin. Wchnschr., November 19, 1929, viii, 
2194.—(M. P.) 


Subdiaphragmatie Gas.—The roent- 
genological finding of gas under the right 
dome of the diaphragm is always of diagnostic 
importance. Two cases of hepatoptosis and 
two of ruptured viscus are reported. There 
is a discussion of the differential diagnosis of 
conditions causing gas under the right dome 
of the diaphragm, including hepatoptosis, 
gas from ruptured viscus, ptosis of the ab- 
dominal viscera, subphrenic abscess, and 
free gas following operation.—Significance 
of Gas under the Right Dome of the Diaphragm, 
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E. P. Pendergrass and E. Kirk, Am. J. 
Roentgenol. & Rad. Therap., September, 
1929, xxii, 238.—(W. I. W.) 


Tuberculosis and Syphilis.—The dif- 
ficulty in the differential diagnosis between 
pulmonary syphilis and pulmonary tuber- 
culosis is pointed out and it is recommended 
that every new admission be submitted to a 
Meinicke flocculation test. Among 1,403 
sanatorium cases 53 were positive, and of 
these 27 denied infection and were found to 
have a latent syphilis. A latent syphilis 
with a positive serum reaction is not given 
antisyphilitic treatment. The reaction 
showed a nonspecific result in only 0.5 per 
cent of those examined.—Tuberkulose und 
Lues. Meinickes Triibungsreaktion, die 
geeignete Reaktion zur systematische Ver- 
wendung in Heilstitten. T. Filter, Zeitschr. f. 
Tuberk., 1928, li, 473.—(H. J. C.) 


Syphilis of Lung.—A white female, un- 
married, aged 39, because of frequent at- 
tacks of pleurisy and a family history of 
tuberculosis, had her chest roentgenographed 
at regular intervals. The plates, prior to 
November, 1927, were entirely negative. 
Following an attack of influenza the plates 
revealed a nodular consolidation extending 
out from the root of the right lung and in- 
vading the parenchyma of all three lobes. 
The shadow of the right diaphragm was 
faintly visualized through a thickened pleura 
which partly obscured the lower half of the 
chest. This consolidation was almost homo- 
geneous in character and presented a sharp 
line of demarcation from the normal lung. 
Tuberculosis, abscess, bronchiectasis, primary 
carcinoma of the bronchus and metastatic 
tumor were excluded. Serial X-ray studies 
over a period of five months showed extension 
of the process. The blood Wassermann was 
positive. After three weeks of antisyphilitic 
treatment, the chest plates showed an almost 
complete disappearance of the lesion.— 
Pulmonary Syphilis, R. G. Allison, Am. J. 
Roentgenol. and Rad. Ther., July, 1929, 
xxii, 21—(W. I. W.) 


Ayerza’s Disease.—In 1828 Laennec 
described dilatation of the pulmonary artery 
in chronic affections of the lungs. Ayerza 
has left no written account of his observa- 
tions, but if we are to accept the writings of 
his pupil, Arrillaga, as embodying the 
teachings of his master, Ayerza’s claim to a 
place in medical nosology must be based on 
his discovery in 1901 of the “black cardiac” 
syndrome due to syphilis of the lung and 
pulmonary artery. The many accurate 
pathological descriptions of undoubted 
syphilitic pulmonary arteritis, confirmed 
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by Warthin and Elizaldo, who in 1917 
and 1921 demonstrated the spironema 
(treponema?) pallidum in the wall of such 
arteries, have placed the existence of this 
entity on a sound basis. Many early 
students of the syndrome recognized syphilis 
as a contributory cause in conjunction with 
chronic cardiopulmonary diseases. Though 
many authors have published cases of so 
called primary sclerosis (nonsyphilitic) of the 
pulmonary artery, Turnbull has seen no 
pathological evidence of a primary, non- 
inflammatory sclerosis, except the slight 
atherosclerosis of elderly subjects. He 
believes, however, that intimal degeneration 
may complicate chronic inflammation of the 
pulmonary stem and large branches. Just 
as emphysema and nonspecific fibrosis of 
the lungs may, by causing obstruction and 
hypertension in the lesser circulation, induce 
intimal hypertrophy and degeneration of the 
pulmonary artery, so also can peribronchial 
and interstitial pulmonary syphilis induce 
these changes. In the case here reported, the 
smaller branches were the seat of obliterat- 
ing syphilitic arteritis, whereas the pulmo- 
nary stem and main branches showed the 
changes due to hypertension, namely, in- 
timal hypertrophy with superimposed 
atheromatous degeneration. The clinical 
features are as follows: Cough and expectora- 
tion of long duration, more recent gradually 
developing dyspnoea, cyanosis, persistent 
headache, drowsiness, subnormal tempera- 
ture, regular pulse, clubbing of the fingers, 
normal blood pressure, haemoptysis, and 
secondary erythrocythemia. X-ray examina- 
tion reveals enlargement of the heart to the 
right and left, the pulmonary artery being 
especially enlarged, and also evidences of 
emphysema. An electrocardiograph will 
reveal striking right ventricular predomi- 
nance. Congestive heart failure commonly 
precedes death, though the “black cardiac” 
may die without signs or symptoms of heart 
failure. The average case runs a protracted 
course over many years. Any disease lead- 
ing to pulmonary hypertension may produce 
the same clinical symptoms. For differen- 
tiation reliance must be placed upon the 
clinical, radiographic, and _electrocardio- 
graphic evidence of dilatation and hyper- 
trophy of the right ventricle and pulmonary 
artery, together with evidence of syphilis in 
those exhibiting Ayerza’s syndrome. Pro- 
phylaxis and treatment while the disease is 
in its pulmonary stage offer the best chance of 
success. Once cyanosis is established, little 
can be done apart from giving symptomatic 
relief. The pathological findings in the case 
reported are described in detail. Though no 
spironema (treponemata?) pallida were 
found, there was abundant evidence of the 


patient’s having had syphilis, for the 
Wassermann reaction was positive and there 
was perforation of the palate, fibrosis of the 
tonsils and a scar on the penis. The syphilitic 
inflammation of the lung was entirely inter- 
stitial with no trace of bronchiolitis obliterans 
or of intraalveolar organization.— Syphilis of 
the Lung with Pulmonary Arteritis (Ayerza’s 
Disease), G. L.S. Konstam and H.M. Turn- 
bull, Lancet, October 12, 1929, ccxvit, 756.— 
(R. M. F.) 


Pathogenic Fungi.—The various organic 
systems have been considered in their rela- 
tion to fungus disease. Among the out- 
standing modern mycological advances, 
from the diagnostic viewpoint, there is the 
growing réle of pseudotuberculosis, the 
ubiquity of dermatophytosis and the possi- 
bility of yeast cells being present in bone 
abscesses and meningitis. The physician 
must depend almost entirely upon the labora- 
tory for the detection of fungus cases, par- 
ticularly in nondermatological ones and in 
such important affections as pulmonary 
pseudotuberculosis. Therapeutically, there 
is as much or more “modernism” in the 
employment of the roentgen-rays and 
medication with thallium acetate, tartar 
emetic and iodine intravenously.— The Place 
of Fungi in Modern Medicine, F. D. Weid- 
man. Am. J. M. Sc., June, 1929, clxxvii, 
832.—(W. I. W.) 


X-Ray Findings of Heart.—One hun- 
dred cases of congenital and acquired heart 
disease have been studied by clinical, electro- 
cardiographic and roentgen-ray methods. 
This method of investigation helps to demon- 
strate the functional efficiency of the heart in 
respiration, the degree of pulsation, and rela- 
tive changes in the various areas of the heart 
and vessel walls. The study of the pulmonary 
area is worth while in the decision between. 
functional and organic heart disease. It ex- 
plains the physical signs, such as murmurs, 
dilatation, and palpable thrills at the pulmo- 
nary area. Some of these signs may be due 
to hypertrophy of the conus of the right 
ventricle or dilatation or stenosis of the 
pulmonary artery. It is also valuable in the 
diagnosis of pulmonary stenosis and regur- 
gitation, and in the clinical differentiation of 
diseases of the pulmonary and aortic valves 
where the lesion of mitral regurgitation and 
stenosis is present.—Clinical and Roentgen 
Ray Findings in the Study of the Heart and 
the Great Vessels, G. J. Chandler and E. B. 
Holmes, Am. J. M. Sc., September, 1929, 
clxxviit, 364.—(W. I. W.) 


Asthma.—Four cases of asthma due to 
mayflies are reported. The disease is caused 
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by the inhalation of minute particles of the 
shed pellicle of these insects. Attention is 
called to the widespread distribution of these 
insects in rivers and fresh-water lakes 
throughout the world, and the possibility of 
their being sensitizing agents.— Asthma Due 
to the Mayfly, K. D. Figley, Am. J. M. Sc., 
September, 1929, claxvitt, 338.—(W. I. W.) 


Asthma.—Cases of hypersensitiveness of 
whatever kind have of late been brought more 
closely into union. In cases of asthma, al- 
though one particular part seems to be af- 
fected, the whole body participates. The diet 
is very important in the treatment of the 
asthmatic. The proteins should be limited 
and whatever is eaten should be tested on the 
skin. Peptone, ultraviolet ray, glucose and 
insulin may be used in the treatment of 
asthma. Favorable results have been ob- 
tained with this form of therapy.—A Note 
on the Treatment of Asthma, A. Auld, Brit. 
M. J., June 1, 1929, no. 3569, 990.— 
(W. I. W.) 


Allergy to Nonhaemolytie Strepto- 
cocci.—In previous studies the authors 
noted an inflammatory (secondary) reaction 
which appeared about the eighth to tenth day 
after intracutaneous inoculations of rabbits 
with certain strains of green streptococci and 
at a time after the primary reaction had re- 
ceded. Many features of the secondary 
reaction recall certain points in the type of 
allergy seen in tuberculous infections and the 
present paper offers evidence that, at the 
time and following the development of the 
secondary reaction, the animals have a type 
of hypersensitiveness similar to tuberculin 
allergy. The tests used to prove that the 
animal was hypersensitive were three,— 
ophthalmic, cutaneous and lethal. The first 
two proved the most useful because they could 
be repeatedly applied to the same animal and 
thus variations in its allergic state be roughly 
estimated. The ophthalmic reactions (the 
cornea was lightly scarified before the in- 
stillation of the bacterial sediment) resembled 
those severe lesions induced in tuberculous 
animals by the simple instillation of tuber- 
culin into the conjunctival sac. The in- 
teresting point is that green streptococci 
which are so innocuous, relatively speaking, 
when applied in the manner described to a 
normal rabbit’s eye, should set up such severe 
inflammatory reactions in the eyes of hyper- 
sensitive animals. The cutaneous reactions 
were elicited by reinoculating the skin with 
small doses of bacteria, first, with doses that 
gave reactions in normal rabbits, and second, 
with those that failed to elicit any gross 
reactions in normal rabbits. The lethal tests 
resulted in the death of many animals fol- 
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lowing intravenous inoculation with culture 
in amounts well tolerated by normal rabbits. 
When analogies can be applied, it seems that 
this hypersensitiveness of rabbits following 
the production of lesions with certain non- 
haemolytic streptococci is comparable to the 
tuberculin type of allergy or the hypersen- 
sitiveness of infection. In these studies, 
although the primary inoculation in many 
instances was with cultures of the respective 
streptococci, in most instances the substance 
applied in testing was a broth filtrate and 
occasionally some bacterial fraction (nucleo- 
protein). Because of the relatively low 
primary virulence of nonhaemolytic strepto- 
cocci, the test material (except fractions) 
was from living cultures. It was also found 
that to produce the type of allergy described 
it is necessary that foci be developed some 
place in the body, for hypersensitiveness did 
not follow intravenous inoculation. The 
secondary reaction (not the reaction of 
reinoculation) is believed to result as follows: 
Following the intracutaneous inoculation of 
rabbits with any strain of streptococcus there 
develops a state of tuberculin-like hyper- 
sensitiveness; but certain strains possess the 
capacity of stimulating the hypersensitive- 
ness to a higher level than others, and certain 
rabbits are more capable of reacting, as is 
made evident by retesting the animals in 
different ways. Following the primary in- 
tracutaneous reaction (inoculation) there per- 
sists at these primary foci a certain amount 
of residual antigenic substance. When a 
sufficiently high degree of general hyper- 
sensitiveness develops, the cells in the imme- 
diate vicinity of the primary lesion are in a 
condition to react with small amounts of 
suitable bacterial substances whether they are 
either freshly introduced or residual. The 
secondary reaction is, therefore, apparently 
an evidence of the persistence of antigen at 
the site of the primary inoculation.— Reaction 
of Rabbits to Non-Hemolytic Streptococci. 
I General Tuberculin-Like Hypersensitive- 
ness, Allergy or Hyperergy Following the 
Secondary Reaction, C. L. Derick and H. 
M. Swift, J. Exper. Med., April, 1929, xlix, 
615—(VJ. S. W.) 


Allergy Due to Cold.—Six patients are 
reported who exhibited local and general 
symptoms of cold allergy. The local effects 
on the skin were pallor during the period of 
exposure, followed by redness, swelling and 
increased heat of the hands after removal 
from the cold. Following a latent period of 
three to four minutes, a characteristic sys- 
temic reaction appeared, which was charac- 
teristic of that produced by histamine.— 
Systemic Histamine-like Reactions in Allergy 
Due to Cold, B. T. Horton and G. E. Brown, 
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Am. J. M. Sc., August, 1929, 
191.—(W.I.W.) 


Anaphylactic Shock.—Case Report: 
This case is reported because of the unique 
opportunity to examine roentgenologically a 
patient who was in shock after the adminis- 
tration of tetanus antitoxin following a minor 
operation. Serial roentgenographs revealed 
a diffuse pulmonary congestion which grad- 
ually subsided.— Acute Pulmonary Edema of 
Anaphylactic Shock, H. F. Day, W. R. 
Sisson and E. C. Vogt, Am. J. Roentgencl. & 
Rad. Ther., October, 1929, xxii, 349.— 
(W. I. W.) 


Cottonseed Sensitization.—Sensitiza- 
tion to cottonseed and kapok is usually 
marked, and occurs with sufficient frequency 
to merit careful consideration. Of 214 
patients who were found to be definitely 
positive to various types of substances, 6 
per cent reacted to cottonseed protein, and of 
a series of 113 patients also definitely sen- 
sitive to some type of substance, five reacted 
to kapok protein, or 4.4 per cent. The 
ingestion of cottonseed products, or inhalation 
of dust from cotton or kapok, is capable of 
causing asthma and other allergic mani- 
festations. Such sensitization may be de- 
termined with ease and safety by means of 
the cutaneous test. The cotton plant and 
the kapok tree are botanically related, and 
persons sensitive to cottonseed are fre- 
quently sensitive to kapok, but the reverse 
probably does not occur. Hyposensitiza- 
tion by means of hypodermic injections of 
a cottonseed extract is possible, by carefully 
determining the correct initial dosage and 
properly regulating increases.—Coitonseed 
and Kapok Sensitization, G. T. Brown, 
J. Am. M. Ass., August 3, 1929, xciii, 
370.—(G. L. L.) 


clxxviit, 


Tuberculosis and Malaria.—The author 
reports a series of 90 cases in which malaria 
existed as a secondary infection, and phthisis 
was of long duration but more or less station- 
ary. In nonspecific pulmonary diseases there 
occurred a healing following malaria and 
similarly this condition was noted in genuine 
phthisis. A successful malaria cure occa- 
sioned an improvement of the pulmonary 
processes. Malaria is, however, in general 
a dangerous mixed infection in phthisis 
cases.— Tuberkulose und Malaria. in 
Beitrag su Mischinfektionsstudien, N. Sukien- 
nikowa, Beitr. z. Klin. d. Tuberk., 1928, 
bxix, 350.—(H. J. C.) 


Brucella Abortus.—Individuals with 
lowered resistance, who drink raw milk 
infected with Brucella abortus may develop 


agglutinins in their blood-serum with or with- 
out the manifestation of appreciable clinical 
symptoms of undulant fever. Of 851 patients 
and 156 staff members in a sanatorium using 
raw milk, 91, or 9 per cent, showed abortus 
agglutinins in a dilution of 1 to 15 or higher. 
Twenty-four of the 91 had agglutinin titres 
varying from 1 to 45 to 1 to 3200. The 
presence of abortus agglutinins in human 
serum is evidence of infection with Brucella 
abortus. The agglutinins may persist in the 
serum for months or years after the recovery 
of the patient. There is complete lack of 
evidence of porcine infection in the herd 
supplying the sanatorium. The correlation 
between the periods of Brucella abortus 
infection of the milk supply and the occur- 
rence of agglutinins in the sera of the patients 
indicates a bovine origin of the cases of 
undulant fever reported in this study. 
Brucella abortus may be present in small 
numbers in the milk of infected cows but these 
organisms may be eliminated for several 
years. The presence of Brucella abortus 
agglutinins in the blood-sera of cows does not 
determine whether they are discharging 
Brucella abortus in their milk. In a herd of 
151 animals, no evidence was obtained of the 
infection of the milk of cows whose sera 
agglutinate at 1 to 60, while cultures of 
Brucella abortus were obtained from the 
milk of only 23 cows out of 56 with titres of 
1 to 120 or higher. Brucella abortus was not 
isolated from the blood or from the urine 
of the infected cows.—Brucella Aborius in 
Milk Supply as a Source of Agglutinins in 
Human Sera, M. J. King and D. W. Cald- 
well, Am. J. M. Sc., July, 1929, clxxviit, 
115.—(W. I. W.) 


Antagonism between Tuberculosis 
and Poliomyelitis.—There is no record in 
the literature of tuberculous osteoarthritis 
occurring in the paralyzed limbs of persons 


who have had poliomyelitis. Extensive in- 
quiry reveals the fact that no physician 
questioned has ever observed the association. 
It is a question whether persons so affected 
can develop tuberculosis in their sound 
joints or whether they ever have pulmonary 
or other visceral tuberculosis. Efforts have 
been made to study this question experimen- 
tally in rabbits and dogs by producing 
paralysis through ‘intracranial injections of 
parafiine (for pressure) or alcohol, followed 
by local or intravenous inoculations of tuber- 
cle bacilli. Although the results were in- 
conclusive in general, chiefly because of over- 
dosing, it appeared that the articular 
reaction was less marked on the paralyzed side 
in some of the dogs. Studies on monkeys 
should be carried out with the virus of 
poliomyelitis. The possibilities of sero- 
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logical immunity should be looked into, 
provided experiments should confirm this 
clinical impression.— The Antinomy of Tuber- 
culosis and Infantile Paralysis, L. Lamy, J. 
Bone & Joint Surg., July, 1929, xi, 542.— 
(H. S. W.) 


Chronie Febrile Conditions without 
Organic Findings.—The author reviews 
the various theories of the origin of fever, 
and reports 16 cases in which subfebrile 
temperatures occurred in conclusion to an 
acute infection long after the infection had 
passed by and all symptoms had disap- 
peared. In most cases the infections in- 
volved the nasopharyngeal tract or the 
genital apparatus or carious teeth. If the 
subfebrile temperature exists for any time it 
leads to a suspicion of a tuberculous infec- 
tion. The author reports 2 cases in which 
there was a subfebrile temperature for a 
long time, with general symptoms, and in 
which in the one case there developed a 
corneal ulcer of the right eye unquestionably 
of tuberculous nature. In the second case 
the temperature was viewed as a functional 
one, but after two years’ observation there 
developed an unquestioned pulmonary tuber- 
culosis. In comparison to this the 16 cases 
were followed for a number of years without 
tuberculous manifestations occurring. Itis 
concluded that these so called subfebrile con- 
ditions indicate a chronic condition, which 
is as a whole favorable and only in few cases 
leads to manifest tuberculosis.—vu ber chron- 
tsche Fuieberzustinde ohne nachweisbaren 
Organbefund, F. Jahn, Beitr. 2. Klin. d. 
Tuberk., 1928, lax, 429.—(H. J. C.) 


Pregnancy and Tuberculosis.—Among 
148 pregnant women entering the clinic 
during 1926 and 1927, mainly for interrup- 
tion, there were 53 without active tuber- 
culosis, and among the 92 with pulmonary 
tuberculosis there were 70 in the first, 17 
in the second, and 5 in the third stages 
(Turban). In 11 cases pregnancy was 
interrupted. Interruption was not recom- 
mended in any of the first-stage cases. Of 
the 148 women 78 were subsequently ob- 
served and 41 gave birth normally, and of 
these 21 were in stage I, 5 in stage II and 
15 revealed no activity. One patient in 
stage I developed an infraclavicular infiltra- 
tion during pregnancy, and one case in 
stage II progressed unfavorably during it. 
In 6 cases there was a progressive retrogres- 
sion and 5 of these in spite of abortion. The 
author concludes that pregnancy in the course 
of tuberculosis has an unfavorable influence 
only in individual cases, and mostly only in 
the presence of progressive disease. In these 
cases, and especially those with open tuber- 
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culosis, interruption is recommended, but not 
so in apical tuberculosis. Sterilization in 
active tuberculosis is not advised because of 
the possibility of subsequent healing of the 
case. In rapidly progressive tuberculosis in- 
terruption is without avail. Pregnant tuber- 
culous women should be treated in the 
sanatorium.—Schwangerschaft und Tuberku- 
lose, E. Schrag, Zeitschr. f. Tuberk., 1928, 
li, 119.—(H. J.C.) 


Pregnancy and Tuberculosis.—The 
diagnosis and prognosis of early pulmonary 
tuberculosis is still too uncertain to permit a 
definite decisign on the interruption of 
pregnancy. About equal numbers of deaths 
occurred in the author’s material following 
interruption and noninterference. Of im- 
portance in prognosis is the constitution of 
the patient and the form of tuberculosis, 
since a favorable type of disease runs a good 
course without interruption and the unfavor- 
able type a bad course with artificial abortion. 
A more reliable diagnosis and prognosis of 
early tuberculosis is desired in making a 
decision.— Bemerkungen tiber Schwanger- 
schaftsunterbrechung wegen Lungentuber- 
kulose, A. Mayer, Zeitschr. f. Tuberk., 1928, 
li, 109.—(H. J. C.) 


Intrathoracic Tumors.—Tables of sta- 
tistics are given which date back as far as 
1854 and show the incidence of pulmonary 
cancer. The figures based on the percentage 
of total cancer cases have risen considerably 
in recent years, and this is considered 
definite evidence of the increased incidence of 
lung cancer both relatively and absolutely. 
It is chiely since the war that the subject of 
pulmonary cancer has come into great 
prominence, and most of the recent literature 
of importance is from America and Germany. 
There is no definite evidence of anything in the 
aetiology of cancer that is peculiar to the 
pulmonary form as distinct from cancer in 
general. The average age of incidence is 
about fifty years, and males are affected 
more often than females. The condition is 
less frequent in colored races. Tumors of all 
descriptions, both benign and malignant, 
are met with in the thorax. Of the benign 
growths may be mentioned fibromata, tero- 
mata, dermoids, and some of those of low 
malignancy such as chondrosarcomata and 
myelomata. Of the malignant growths, the 
carcinomata are probably the most frequent. 
Sarcomata are met with in younger subjects, 
and different varieties of endotheliomata are 
found at varying ages. Lymphogranuloma, 
whatever may be its pathogenesis, in its 
clinical manifestations within the thorax be- 
haves very like a neoplasm. Primary 
carcinomata probably originate in the bron. 
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chial mucosa. Cases of intrathoracic new 
growths may be divided into certain broad 
groups, as follows: 1: Those first seen with 
evidence of a pleural effusion. In younger 
persons tuberculosis is the most common 
cause, but in older subjects a sterile effusion 
is probably caused by new growths, especially 
if it is uniformly blood stained. 2: Cases 
seen because of haemoptysis, which may be 
the only initial symptom. 3: Cases whose 
histories and physical examinations suggest 
the presence of a localized intrathoracic in- 
fection. The differential diagnosis must 
often be deferred until autopsy. 4: Cases 
with varied symptoms referable to the chest. 
In every patient of middle age whose symp- 
toms and general condition seem incom- 
mensurate with the physical signs, new 
growth should be suspected. Of the various 
common symptoms dyspnoea is the most 
important. Its chief characteristics are its 
constancy and its tendency later to become 
paroxysmal. Cough, expectoration, and 
haemoptysis show no differential points. 
The presence of pain is variable and depends 
upon the site of the growth, being due to 
pleural involvement, erosion of bone, and 
pressure. General weakness is common, but 
the nutrition is often preserved. Frequently, 
patients mention a so called attack of in- 
fluenza. Physicalsigns vary according to the 
size and situation of the lesion. Mediastinal 
growths may not be detected until involve- 
ment of the recurrent laryngeal nerve gives 
rise to a typical abductor paralysis of one 
vocal cord, or until there are other pressure 
symptoms. Dulness on percussion is charac- 
teristic of lesions located near the periphery. 
It also occurs when atelectasis is present as a 
result of bronchial involvement. Radiology 
is of paramount importance for differential 
diagnosis, and may be aided by lipiodol 
injections or artificial pneumothorax. Bron- 
choscopy, thoracoscopy, and exploratory 
thoracotomy may be of the greatest value as 
supplementary aids to diagnosis. Surgery 
and radium therapy offer much hope for the 
treatment of intrathoracic new growth— 
An Address on Intrathoracic and Pulmonary 
New Growths, M. Davidson, Lancet, Decem- 
ber 7, 1929, ccxvii, 1181—(R. M. F.) 


Malignant Tumors of Lung.—Most 
autopsy statistics seem to indicate that pul- 
monary neoplasms have increased in fre- 
quency during the past ten years. At the 
present time, about one per cent of all 
autopsies in large hospitals are pulmonary 
malignant tumors. Clinical diagnoses are 
made more frequently, on account of the 
extensive use of roentgenology. Men are 
more frequently the victims of carcinoma and 
sarcoma of the lung than women; and the 


right lobe is more frequently involved than 
the left. The initial symptoms are usually 
slight and uncharacteristic, and are frequently 
absent. Dull pain in the chest, radiating to 
the back, and in the sternal region are fre- 
quently present. Dyspnoea and cyanosis of 
the face, sometimes with cyanosis of both 
arms, are frequently present. Oedema is 
rare. Cough is inconstant and may be 
productive of sanguineous expectoration. A 
cytological examination of the sputum may 
establish the diagnosis. More frequently, a 
cytological diagnosis is possible from con- 
comitant pleural effusions. A certain per- 
centage of patients shows paresis of the recur- 
rent nerve, hoarseness and dysphagia. A 
systolic downward movement of the larynx 
(Oliver Cardarelli’s symptom) is sometimes 
observed. The temperature may be normal 
or elevated. Metastasis in the peripheral 
lymph nodes may be the first diagnostic 
phenomenon. The neoplasm may be com- 
plicated by abscess, bronchitis, atelectasis, 
pneumonia, pneumothorax, gangrene, 
empyema, bronchiectasis, tuberculosis and 
aneurysm. On account of the polymorphous 
nature of signs, symptoms and complica- 
tions, the diagnosis is made inira vitam in 
only 25 to 50 per cent of the cases. The 
diagnosis should be made with the help of 
clinical, laryngological, roentgenological, 
bronchoscopical and histological methods. 
A diagnostically important roentgenological 
sign is the fact that the apex of the lung is 
usually not involved. A clinical differentia- 
tion between bronchial carcinoma and pul- 
monary carcinoma in the strict sense of 
the word is impossible. Metastases from 
sarcoma are distributed through the 
lymphatic channels. Aetiologically, nothing 
definite is known, as evidenced by the multi- 
plicity of hypotheses. The duration of the 
disease is rarely longer than two years. 
Surgical and roentgenological attempts at 
treatment have been almost completely un- 
successful up to the present time.— Lungen- 
krebs und Lungensarkom, E. Homann, Klin. 
Wehnschr., September 10, 1929, viii, 1720.— 
(M. P.) 


Cancer of Lung.—Fifteen cases of pri- 
mary cancer of the lung are reported in which 
clinically and at the necropsy table excava- 
tions were found. In about one-third of the 
cases of neoplastic disease of the lung, 
necrosis occurs with cavity-formation. 
Patients with excavated carcinomata of the 
lung often present the seemingly typical 
symptomatology, physical signs and even 
roentgenoscopic appearance of abscess of the 
lung. In allinstances of apparently primary 
abscess of the lung of recent onset in elderly 
individuals, the possibility of broken-down 
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neoplasm is to be borne in mind.—Carcinom- 
atous Abscess of the Lung, M. Fishberg, 
Am. J. M. Sc., July 1, 1929, clexviii, 20.— 
(W.I. W.) 


X-Ray Diagnosis of Intrathoracic 
Tumors.—Pulmonary neoplasms fall 
roughly into two groups from the roent- 
genological standpoint. The first group, 
comprising cysts, teratomata, many tumors 
of lymphatic origin and certain types of 
metastases have definite characteristics and 
are rather easily diagnosed. Cysts are some- 
times asymptomatic and accidental; some- 
times responsible for symptoms. They are 
usually rounded, of varying size and position, 
and may present degenerative change and even 
calcification. Lymphatic tumors are fairly 
characteristic in the X-ray; they respond to 
X-ray therapy, and this often enables one to 
differentiate the tumor from a substernal 
thyroid, carcinoma, etc. Metastases are 
usually readily diagnosed. The second 
group comprises other pulmonary tumors. 
Infiltrative and massive changes suggest 
malignancy. Extrabronchial growths some- 
times resemble the mediastinal tumors of 
lymphatic origin. Bronchial carcinomata 
are the most difficult of all intrathoracic 
growths to diagnose, the signs and symptoms 
varying considerably with the size of the 
lesion, the degree of obstruction or irritation 
it leads to, its position, etc. The commoner 
signs are the presence of tumor, collapse, ob- 
struction as by a foreign body, infection, etc. 
More attention needs to be given to the 
question of pulmonary tumors.— The Roent- 
gen Diagnosis of Intrathoracic Neoplasms, 
J. T. Farrell, Radiology, July, 1929, xiii, 
1—(H. S. W.) 


Treatment of Cancer with Tubercu- 
lin.—In a paper by Pearl on the relation 
between cancer and tuberculosis (Am. J. 
Hyg., 1928, ix, 97) note was made of treat- 
ment of cancer in rats with living tubercle 
bacilli and tuberculin. In the discussion of 
these experiments it was decided, especially 
in view of the obvious deductions from the 
study of autopsy material, that it would be 
highly desirable to determine the result of 
treating malignant tumors in human beings 
with some form of tuberculin. The present 
paper is a preliminary report on the carrying 
out of this idea. Seven hopeless cases of 
malignant tumor were treated with tuberculin 
(bouillon filtrate from H37 strain). The 
dosage and interval were regulated according 
to the sensitivity of each individual patient, 
as determined by intracutaneous test with old 
tuberculin. There always appears to bea 
definite reaction in the tumor involvement, 
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wherever located in the body, and caution 
must be used in increasing the dose because 
of the danger of too rapid production of toxic 
products. Histologically, noteworthy de- 
generative changes occur in the tumor tissues 
following treatment, and these appear to be in 
proportion to the amount of clinical damage 
suffered by the tumor. Unquestionably the 
lives of some, if not all, of the patients 
treated have been prolonged beyond the dura- 
tion they would have realized had the tuber- 
culin not been given. Positive conclusions 
are, of course, unwarranted from sucha small 
series, but the results have been sufficiently 
encouraging to warrant further investiga- 
tion.—Experimental Treatment of Cancer 
with Tuberculin, R. Pearl, A. C. Sutton and 
W. T. Howard, Jr., Lancet, May 25, 1929, 
cexvt, 1078. —(E. H. K.) 


Coincident Malignant Tumor and 
Tuberculosis.—The entire autopsy ma- 
terial from the Department of Pathology of 
the University of Michigan was statistically 
analyzed with a view to ascertaining any 
possible interrelationship of malignant tumor 
and tuberculosis. A total of 514 cases of 
malignant tumor was used, and 514 controls 
were set up in such a manner that errors 
arising from changing criteria or changing 
disease incidence and the possible error from 
the fact that malignant tumor is a disease 
occurring primarily later in life than tuber- 
culosis were eliminated. Also, sex and racial 
differences were equalized. Cases in which 
examinations or records were incomplete were 
eliminated. A tuberculous lesion was not 
considered active unless tuberculous granu- 
lation tissue was found microscopically and 
there was evidence of proliferation or spread 
of the disease process; nor was it considered 
healed, unless healed tubercles were found. 
The results obtained are in close agreement 
with those of Pearl, and of Carlson and Bell. 
They found healed tuberculosis of equal 
incidence in both cancer and control series, 
with active tuberculosis much more common 
in the control series. As pointed out by 
Carlson and Bell, there is, however, an 
important objection to the use, as controls, 
of a group in which all manner of diseases 
were fundamental in causing death. They 
showed that a similar apparent antagonism 
can be demonstrated between heart disease 
and malignant tumor, and between heart 
disease and tuberculosis. In the present 
series of 514 cancer cases, practically all died 
as a direct result of the cancer, only 3 suc- 
cumbing to tuberculosis. In the control 
group, 34 of the cases of active tuberculosis 
died as a result of this disease. A second 
series of cancer and control cases which are 
more nearly comparable was therefore set up 
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In 24 of the 27, or 88.9 per cent of the active 
tuberculosis cases found associated with 
cancer, the tuberculosis was a secondary 
factor and not the cause of death. In 
setting up the second series the three cases 
dying of tuberculosis were excluded, leaving a 
total of 511 cases of malignant disease. 
Similarly the 34 cases from the control series 
in which the individual died of tuberculosis 
were excluded. These vacancies were filled 
by taking the next following protocol in the 
autopsy series, not already used as acontrol, 
which met the conditions already outlined for 
selecting controls. In the first series tuber- 
culosis combined with cancer was being com- 
pared with tuberculosis, sometimes combined 
with another major disease and sometimes the 
only serious condition from which the in- 
dividual was suffering. Such a comparison 
is obviously apt to lead to error. In the 
second series the tuberculosis is in every 
instance, in both cancer and control series, 
combined with another serious disease which 
caused death. From a study of this series it 
is impossible to demonstrate any correlation, 
positive or negative, between active tuber- 
culosis and cancer. The fact that healed 
tuberculosis is found with equal frequency in 
cancerous and noncancerous individuals 
shows that a past infection is without bearing 
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on the development of malignant tumor. The 
person with active tuberculosis is less apt to 
have cancer because he may die of his tuber- 
culosis before he reaches the age at which 
cancer is most common. The occurrence 
together of the two diseases appears to follow 
closely the occurrence of tuberculosis with 
other serious diseases capable of causing 
death. Investigation of the problem of an 
interrelationship of cancer and tuberculosis 
has proceeded along two lines other than 
statistical studies, namely, by means of case 
studies, which yield many interesting reports 
but no valid evidence of the frequency of the 
combined diseases, and by experimentation. 
The results from animal experimentation are 
contradictory and inconclusive. The result 
obtained, or the lack thereof, in the treat- 
ment of cancer by tuberculin does not bear 
directly on the relationship of the two dis- 
eases, for the effect of the tuberculin may be 
due to the fact that it is a toxic substance and 
not to its derivation from the tubercle 
bacillus. Statistical studies have been inade- 
quate until recently, and the two most recent 
and best disagree in their conclusions.— 
A Statistical Study of the Coincidence of 
Malignancy and Tuberculosis, C. H. Fortune, 
Ann. Int. Med., November, 1929, iii, 495.— 
CR. M. F.) 
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Primary Carcinoma of Lungs.—Those 
who have studied primary pulmonary cancer 
are familiar with the almost kaleidoscopic 
clinical manifestations of this malignant 
disease. The gross anatomy, as in cancer of 
other organs, will rarely furnish irrefutable 

to the particular histological 
which gave origin to the growth. 
Finally, the microscopic features of a fully 
developed pulmonary tumor will point to its 
histogenesis in exceptional cases only, the 
morphology of the neoplastic cell varying 
from one tumor to another and from area to 
area in the same tumor. The arrangement 
of the cells is, on the contrary, rather uniform, 
in most instances being that of adeno- 
carcinoma. Passler (1896) and Adler (1912) 
hold that carcinoma starting from the pul- 
monary alveolus is extremely rare or not 
proved, whereas Démeny (1902) and Beitzke 


(1923) believe that certain forms of pul- 
monary cancer are of alveolar origin. The 
author of this article is convinced that the 
cells lining the air-sacs do not give rise to 
carcinoma because these cells are of mesen- 
chymal origin and therefore could not 
originate epithelial malignant disease. Ex- 
cluding the alveoli as a possible source of 
carcinoma, there remain to be considered the 
mucous glands and the bronchi. The former 
are structures that lie underneath the 
bronchial membrana basalis, and since they 
are made up of epithelial cells they are 
theoretically considered as being liable to 
transformation into an epithelial malignant 
new growth. But no worker has ever ob- 
served an early cancer of this kind, and the 
criteria, such as the glandular structure as 
well as the presence of mucus which are 
claimed to be characteristic of these neoplasms, 
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in reality distinguish a great many tumors 
originating from organs which normally form 
no mucous material. All the evidence points 
toward the conception that primary car- 
cinoma of the lungs is only bronchogenic in 
origin. Apparently a malignant disease 
(primary) in the lungs results from the 
“cancerization” of the somatic cell. It is 
still uncertain whether a fully differentiated 
epithelial cell is liable to become cancerous. 
One of the factors leading to the development 
of a cancer is chronic inflammation, namely, 
irritation which causes degeneration of cells, 
eventually followed by excessive regenera- 
tion. In the lungs, however, the columnar 
epithelial cells lining the bronchi have never 
been observed to be in a state of regeneration 
as evidenced by mitoses and proliferation. 
The lining of the bronchi and their divisions 
is made up of three different types of cells: 
columnar ciliated cells, goblet cells and finally 
basal cells, a variety of small oval cells 
having a narrow cytoplasm and a nucleus 
rich in chromatin. The last mentioned 
cells lie close to the basal membrane; they 
do not form an uninterrupted syncytium as 
is observed in the skin, but are irregularly 
scattered here and there, forming cellular 
agglomerations. In the respiratory tract 
the process of regeneration takes place by 
virtue of the just mentioned “‘basal’’ cells, 


which are apparently endowed with latent 


developmental potentialities. In chronic 
bronchopulmonary diseases accompanied by 
damage of the bronchial epithelium, one often 
notices that instead of the ciliated epithelium 
there appear cuboidal cells superimposed by 
many layers of “transitional” epithelial cells, 
which have originated from the preéxisting 
“‘basal” cells. These cells also have a tend- 
ency to invade the pulmonary alveoli, thus 
giving the impression that the air-sacs are 
normally lined by cuboidal epithelial cells. 
They also not infrequently invade tubercu- 
lous cavities, where they ultimately become 
cancerous. The evidence is that cancer is 
always preceded by a process of regeneration. 
The development of epithelioma in areas 
subject to roentgen rays, smokers’ epithelioma 
and tar and paraffin cancers is widely known. 
Observation has shown, too, that cancer of 
the lungs usually follows a long-standing 
chronic inflammatory process, such as tuber- 
culosis, bronchiectasis, or pulmonary syphilis. 
These diseases may cause damage to the 
bronchial mucosa which is followed by exces- 
sive (pathological) regeneration that even- 
tually leads to the development of an epithe- 
lial malignant disease. The apparent lack 
of any activity in the process of bronchial 
repair on the part of the ciliated columnar 
epithelium in the presence of an active 
“basal” cell proliferation seems to favor the 


conception that only the latter cells are con- 
cerned in the genesis of an epithelial malig- 
nant disease in the lungs. Postmortem 
material shows that a large percentage of all 
pulmonary tumors are of the basal or the 
squamous type. Since normally such cells 
are absent in the lungs, these tumors were 
said to have resulted from a conversion of the 
ciliated columnar into the squamous epithe- 
lial variety, a condition designated as meta- 
plasia. This hypothesis has, however, not 
been borne out by close observation. It now 
seems probable that the “basal” cells already 
referred to, which lie close to the membrana 
basalis of the bronchus, are the progenitors 
of the stratified squamous epithelium. The 
peculiar differentiation of these cells into 
squamous epithelium is interpreted in the 
light of the ontogenesis of the tissue in ques- 
tion. From an embryological standpoint the 
tracheobronchial tree and the oesophagus 
represent two sister organs, and their develop- 
ment goes parallel. There isevidence that in 
the earliest stages of development the oesoph- 
agus is lined with one layer of cuboidal 
cells, which at the fifth week becomes doubled 
and at the tenth acquires goblet cells and 
ciliated columnar epithelial cells. Whereas 
in the bronchi the development ends at this 
phase, in the oesophagus these cells degen- 
erate and desquamate, being subsequently 
replaced by a transitional epithelium and 
finally by a stratified squamous epithelium. 
It is assumed, then, that in pathological 
processes the bronchus, in the regenerative 
attempt, merely reaches in adult age the 
stage which the oesophagus has attained as 
anembryo. The process is, therefore, not a 
transformation of the adult columnar epithe- 
lium into a squamous type, but a develop- 
ment of undifferentiated cells, followed by 
proliferation and differentiation. The phe- 
nomenon is consequently not that of meta- 
plasia, but is one of protoplasia (indirect 
metaplasia). The process of repair or re- 
generation in the bronchiis performed by the 
bronchial “basal” cell only. In physiological 
repair, these cells differentiate merely into 
the normal lining of the bronchus. But when 
the process is pathological, their fate depends 
in all probability on the nature of the stimulus. 
Thus, they may differentiate into meta- 
plastic islands and so remain indefinitely, or 
they may develop into a malignant condition. 
In fact, most pathologists regard the phenom- 
enon of metaplasia as being a precancerous 
stage. Two cases of primary carcinoma of 
the lung are reported, one a basal-cell cancer 
and the other a typical keratinizing epider- 
moid carcinoma. In the former, the tumor 
was sharply demarcated from the pulmonary 
parenchyma and originated from a division 
of the left bronchus. The tracheal, tracheo- 
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bronchial and mediastinal lymph nodes 
showed no tumor invasion. The other organs 
did not reveal the presence of any new growth. 
The microscopic examination showed the 
tumor to be composed of polyhedral cells 
having a large cytoplasm and a voluminous 
vesicular nucleus. These were arranged in 
columns and strands from 2 to 3 cells broad, 
which showed anastamosis and branching. 
Like most basal-cell cancers of the skin, this 
tumor did not metastasize. In the second 
case, the differentiation of the “basal” 
cells went one stage further, leading to a 
typical keratinizing of squamous cell car- 
cinoma. Here the right lung parenchyma 
was found to be markedly invaded from the 
primary bronchus, with metastasis in the 
pleura, left lung, heart, regional lymph 
nodes and oesophagus. The microscopic 
sections showed a tumor without any 
definite arrangement, with nests or masses of 
cells scattered over the sections surrounded 
by thick bands of dense fibrous tissue. Inthe 
centre of the tumor mass, the cells had the 
typical appearance of the cornified epithelium 
encountered in the so called “pearls” of the 
epidermoid carcinoma. These keratinized 
masses were seen in practically all sections. 
Conclusions: 1: Carcinoma originating pri- 
marily in the lungsis bronchiogenic. 2: The 
disease probably results from a pathological 
(excessive) regeneration following chronic 
inflammation of the bronchial tree. 3: Of 
the cells lining the bronchial mucosa only the 
“‘basal’’ cells are concerned in the process of 
regeneration of the bronchial mucous mem- 
brane. It is assumed, therefore, that these 
cells likewise serve as a sole matrix for 
primary bronchiogenic tumors. 4: Primary 
squamous cell epitheliomata and basal-cell 
epitheliomata of the lungs do not result 
from metaplasia of the preéxisting ciliated 
columnar epithelium, but originate through 
protoplasia (indirect metaplasia) of the un- 
differentiated basal cell of the bronchial 
mucous membrane.—Primary Carcinoma of 
the Lungs, III, Histogenesis amd Metaplasia 
of Bronchial Epithelium, B. M. Fried, Arch. 
Path., July, 1929, viii, 46.—(J. S. W.) 


Fresh Tuberculous Foci and Car- 
cinomatosis.—The author reports a case 
of terminal generalized tuberculosis occurring 
in association with a widespread metastasizing 
mammary carcinoma.—Uber  gleichzeitiges 
Bestehen frischer tuberkuléser Herde und 
disseminierter Carcinommetastasen, F. Sturm, 
Deutsch. Zischr. Chir., ccix, 406.—( H. J.C.) 


Antagonism between Tumors and 
Tuberculosis.—Carcinomata may develop 
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in old tuberculous lesions, such as skin 
cancers on lupus, or pulmonary carcinomata 
in chronic pulmonary tuberculosis. Me- 
tastases of cancer and tuberculosis are, at 
times, found in the same lymph node. The 
antagonism claimed by Rokitansky to exist 
between the two diseases cannot be absolute. 
Experimental work gives evidence of some 
such antagonism. Rous’s tumor material 
was inoculated into 80 animals. In 53 cases 
the tumor developed well and kept on grow- 
ing until the animal died. Out of the other 
27 cases the tumor did not grow at all in 8 
cases; it grew only for a limited time in 16 
cases, and developed poorly all the time in 
3 cases. In the 53 successful transplants, no 
animal had tuberculous lesions, but in 23 out 
of the 27 failures tuberculosis was present. 
In 9 cases of tuberculosis the implanted tumor 
was completely scarred. In 5 cases of tuber- 
culosis, typical, but small and retrogressive, 
Rous’s tumors were found. Spontaneous 
immunity against this strain of tumor is 
exceedingly rare. On the other hand the 
presence of tuberculosis inhibited the growth 
of this tumor to varying degree in every case. 
This antagonistic relation is further proved 
by the observation that complete inhibition 
occurred in animals with the oldest and most 
extensive tuberculous lesions. The inhibi- 
tory effect of tuberculosis is not dependent on 
cachexia, and it is not a direct action of the 
bacilli on the tumor cells, since A. Fischer 
kept an in vitro culture of Rous’s cells, in- 
fected with tubercle bacilli alive for more than 
a year. The cells were not damaged by the 
bacilli; the latter were phagocytosed but not 
killed by the tumor cells.—‘‘Antagonismus” 
zwischen Roustumor und Tuberkulose?, O. 
Teutschlaender, Klin. Wehnschr., August 27, 
1929, vitt, 1606.—(M. P.) 


Fibrosarcoma of Mediastinum.—A 
white male, aged forty-two, complained of 
pain in the right shoulder of four month’s 
duration, associated with loss of eight pounds 
in weight and, for one month, unproduc- 
tive cough. Stereoroentgenographs of the 
chest showed an ovoid dense mass with 
sharply defined borders in the lower vertebral 
position of the right lung field about 9.5 
x 13.5 cm. in diameter lying close to the 
posterior chest-wall between the eighth and 
eleventh ribs. At operation, a large, hard, 
encapsulated mediastinal tumor about the 
size of an orange was shelled out from its 
capsule. The patient died of shock shortly 
after the operation. Pathological diagnosis: 
Fibrosarcoma.— Fibrosarcoma of the Medi- 
astinum, S. A. Robins, Am. J. Roentgenol. 
& Rad. Therapy, October, 1929, xxii, 351.— 
(W. I. W.) 
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Prognostic Tests.—Only serial sputum 
examinations are of value in drawing prognos- 
tic conclusions that an increase of tubercle 
bacilli is unfavorable while a decrease indi- 
cates a favorable course of the tuberculosis. 
The finding of Much’s granules is viewed as 
prognostically favorable. The sedimentation 
rate of the erythrocytes is only definitely of 
value prognostically in so far as a positive 
finding does not with certainty indicate pul- 
monary tuberculosis and a negative does not 
exclude it. More valuable from a prognostic 
standpoint is the reaction of Gerlocy. A 
negative plasma colloid-lability reaction, ac- 
cording to Gerlocy, definitely excludes an 
active pulmonary tuberculosis, while a posi- 
tive reaction in the absence of other factors 
causing such reaction verifies the existence of 
pulmonary tuberculosis. In addition, the 
grade of the reaction can be correlated with 
the activity and inactivity of the process as 
well as indicating its exudative or productive 
character.—Uber den prognostischen Wert der 
Sputumuntersuchung, der Senkungsgeschwin- 
digkeit der Erythrocyten und der Plasmakolloid- 
Labilitétsreaktion von Gerlocy bet Lungen- 
tuberkulose, J. v. Szaboky, Zeitschr. f. Tuberk., 
1928, 1, 413.—( H. J. C.) 


Prognostic Tests.—The urochromogen 
test was found more sensitive than the diazo 
reaction. A positive finding must be viewed 


as unfavorable prognostically and should 
caution against the use of irritation therapy. 
The combined testing of allergy, red-cell 


sedimentation and the differential blood 
picture were found valuable. The favorable 
outcome of these tests indicates a favorable 
prognosis and the possibility of proceeding 
more accurately therapeutically—Uber den 
Wert der Urochromogen- und ;Diazo-reaktion, 
sowie den des Blutbildes, der Senkungsreak- 
tion und der Allergiepriifung fiir die Beurtel- 
ing der Kehlkopftuberkulose, L. Rickmann 
and F. Ernst, Zeitschr. f. Tuberk., 1928, 
465.—(H. J. C.) 


Prognosis of Cavities.—The author re- 
ports the outcome of cavity cases during the 
course of 2 to 17 years in a material of 626 
cases, among which 489 were dead while 21.8 
per cent still were alive. It is pointed out 
that during the first 5 years after taking the 
cure 75.7 per cent of cavity cases were dead. 
Cases that lived beyond these 5 years have a 
favorable prognosis and healing may occur. 
In none of the cases was operative therapy 
utilized—Zur Kavernenprognose des Indus- 
triearbeiters, E. Sprungmann, Zeitschr. f. 
Tuberk., 1928, li, 432.—( H.J.C.) 


Tuberculosis Mortality in Belgium.— 
The statistics available are, unfortunately, 


incomplete, and prior to 1870 are generally 
useless. Unfortunately also, their basis has 
been modified since they were commenced 
and hence they are not always comparable. 
From 1870 to 1887 deaths from pulmonary 
tuberculosis were merged with those due to 
other respiratory diseases. Nevertheless a 
series of graphic charts is available which is 
of considerable interest. From 1867 to 1890 
the rural mortality from pulmonary tuber- 
culosis rose while the urban rate fell abruptly. 
By 1900 the rural rate was slightly higher 
than the urban, in 1913 it fell below it, and 
thereafter the two continued almost parallel 
up to the War. At this time there was a 
recrudescence of the disease in all countries, 
but especially in the more populous com- 
munities. After the War there was again a 
decrease except in communities under 5,000 
population. Communities of over 100,000, 
as Antwerp, Brussels, and Liége, also Ghent 
and Schaerbeek, show a high mortality for 
the period of the War, with a subsequent 
rapid descent after it, wliich has slowed up 
since 1921. Communities of 20,000 to 
100,000 show a similar but less marked 
change, while those of 5,000 to 20,000 (about 
one-third of the total population) show the 
lowest mortality of all. It is well known 
that the less important centres have the 
largest proportion of children and old people, 
among whom the tuberculosis mortality is 
lowest. As to sex, in the larger cities the 
masculine rate has always been above the 
feminine. In the smaller communities, how- 
ever, the reverse was formerly true, but now 
the two are nearly the same. Conclusions: 
In a general way the mortality from pulmo- 
nary tuberculosis is highest in the large cen- 
tres of population. It is, however, lowest in 
communities of 10,000 to 20,000. In the 
smallest communities it is no longer decreas- 
ing, likewise in those between 20,000 and 
100,000. For those over 100,000 it is higher 
in males, but in the smaller centres has been 
about the same for both sexes since 1890. 
Prior to this there was a higher female mor- 
tality. Numerous graphs are appended.— 
Contribution Vétude de Vévolution de la mor- 
talité tuberculeuse en Belgique, E. Olbrechts, 
Rev. Belge d.l. Tuberc., January-February, 
1929, xx, 24.—(A. P.) 


Tuberculosis in Interior East Africa.— 
In the interior of east Africa tuberculosis 
occurs mostly in adult life at the time the 
natives leave their homes for employment in 
the cities, on plantations and on the coast. 
The disease is not necessarily of serious prog- 
nosis, for good attention and food, etc., 
usually lead to cure. It need not be feared - 
that the disease will spread or reach epidemic 
proportions in central east Africa, for: it 
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appears that a slow, gradual infection of the 
population is taking place. The natives in 
central regions have good food and are a 
healthy people. One hundred and three 
adults and 51 children (up to 15 years old) 
were tested with tuberculin. Of the adults 
ten reacted and of the children only one re- 
acted. (He was four years old and his 
mother also had a positive reaction. The 
father had died of haemoptysis.) None was 
clinically sick.—Beobachtungen tiber Tuber- 
kulose unter den Eingeborenen im Innern 
Ostafrikas, F. K. Kleine, Deutsche med. 
Wehnschr., January 24, 1930, lvi, 130.— 
S. W.) 


Nursemaids and Teachers as Sources 
of Tuberculous Infection.—The author 
deplores our lack of control over such possible 
sources of infection as nursemaids, govern- 
esses, and kindergarten-teachers. He cites 
the case of a kindergarten teacher who came 
to California 15 years ago. Tubercle bacilli 
were found in her sputum at that time. 
After a few years she was employed by a 
private kindergarten. She taught at this 
school for ten years, then died of tubercu- 
losisin a sanatorium. Another instance was 
that of a family of two children, ten months 
and three years of age, respectively. A 
nursemaid was employed in June, 1929, and 
dismissed in October, 1929. In November 
the three-year-old child died of tuberculous 
meningitis, The other child also has a 
pronounced infection, and the outlook is 
doubtful. The nursemaid was examined and 
an active tuberculosis discovered. In 
another family, a child seven months of age 
died of miliary tuberculosis after an illness 
of three weeks. When the child was one 
month old, a nursemaid was employed who 
remained with the family for one month. 
This nursemaid died of tuberculosis within a 
few days of the child’s death. It is incon- 
sistent to demand tuberculin-testing of our 
dairy cattle and yet permit occurrences of 
this sort. We must demand a health ex- 
amination of all persons making it their 
business to care for or help care for infants 
and children. Only five states are known to 
have laws requiring teachers to be free from 
tuberculosis. Registration of all nurse- 
maids, governesses, and kindergarten-teach- 
ers should be required, as should also peri- 
odic examinations of these persons.— Tuber- 
culosis in Infancy and Childhood: Nurse- 
maids, etc., as Sources of Infection, H. Die- 
trich, Arch. Pediat., March, 1930, xlvii, 197 .— 
(P. J. W.) 


Milk and Tuberculosis in Infants.— 
Milk is an excellent culture medium for many 
pathogenic organisms, of which the tubercle 


bacillus is one of the most important. The 
Massachusetts tuberculosis clinics being held 
in the schools throughout the state under 
the auspices of the Department of Public 
Health have shown that there are 24 per 
cent noncontact reactors in urban communi- 
ties as against 36 per cent in rural ones. 
Why should the country-bred child, with 
advantages of fresh air and sunlight, be at 
this disadvantage? An important factor is 
that most cities safeguard their milk supplies, 
whereas few rural communities do. Theo- 
retically a “‘tuberculosis-free herd’ is safe 
as regards tuberculosis, but not always in 
fact, because dishonest cattle dealers “‘plug”’ 
the cattle they sell in the open market, that 
is, give them a dose of tuberculin before de- 
livery which prevents their reacting to sub- 
sequent tests for about sixty days. Ifacow 
must be bought from any but an accredited 
area, she should be quarantined and retested 
after ninety days before being admitted to 
the herd. Meanwhile her milk should not 
be consumed raw. A herd really kept free of 
tuberculosis helps to safeguard not only the 
consumer but also the herd itself, a point 
often overlooked by the farmer who com- 
plains. The second method of protection is 
by pasteurization, not always perfect even 
in honest hands. The recent Montreal ty- 
phoid epidemic is said to have been caused 
by milk from a pasteurizing plant where 
actually only about half the output had been 
so treated because of the limited size of the 
plant. Possible sources of error in honest 
hands are: J: Dead ends of piping in which 
milk remains unpasteurized and afterward 
recontaminates the whole product. 2: 
Leaky valves in piping. Pipes should be 
broken beyond all such valves so that leaks 
can be detected. 3: Collection of froth and 
foam at the top and its insulation by con- 
tained air from the pasteurizing temperature. 
This can be corrected by avoiding splashing 
in the vats and introducing live steam to the 
surface. 4: Failure to heat the vats before 
introducing the milk, or too fast a flow in 
constant flow pasteurizers. 5: Faulty ther- 
mometers. It is clear that the “best” milk 
is that from healthy cattle, handled by 
healthy individuals with scrupulous care, 
and conscientiously and intelligently pas- 
teurized. On October 30, 1923, the Board 
of Health of Milton, Massachusetts, passed 
a regulation requiring that on and after 
April 1, 1924, only pasteurized milk or that 
from tuberculin-tested cattle retested every 
six months, should be sold in the town. Ow- 
ing to the complaint of the farmers and the 
possibility of errors nullifying the results, a 
study of conditions was begun in July, 1927. 
One hundred babies and preschool children 
were tested in the Milton clinic and a similar 
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number in the Canton clinic (Canton, the 
next town, relies only on dairy inspection). 
The tests were performed intracutaneously 
with 0.1 cc. of 1-1000 tuberculin supplied by 
the Children’s Hospital of Boston. Reac- 
tions were read after approximately forty- 
eight hours and considered positive if 5 mm. 
or more in diameter, negative if 2 mm. or 
less, doubtful in between. Milton showed 1 
positive, 4 doubtful and 95 negative; Can- 
ton 7 positive, 12 doubtful and 81 negative. 
All seven of Canton’s positive cases were 
known to have consumed raw milk at some 
time, and 9 of the doubtful ones, while none 
were known to have been exposed to human 
tuberculosis in either Milton or Canton, 
though 4 of the Canton cases had a family 
history of such. Recently the Massachu- 
setts legislature had two bills before it. The 
last, House Bill No. 56, required pasteuriza- 
tion of milk not from tuberculin-tested herds, 
also either pasteurization or certification of 
any milk supply of 200 quarts per day or 
more. Both bills failed by an overwhelming 
majority although supported by the Depart- 
ment of Public Health. Summary: 1: One 
hundred children of approximately similar 
social status in adjacent towns were tested 
with 1-1000 tuberculinintracutaneously. 2: 
Conditions in the two towns were similar 
except that 47 of the Canton children drank 
unboiled or unpasteurized milk, against 6 
from Milton, and that all the Milton raw 
milk was from tuberculin-tested herds. 3: 
The incidence of reactors in Canton was 
seven times that in Milton. 4: In Canton 
all the 7 positive and all but two or three of 
the 12 doubtful fell in the raw milk group, 
while in Milton 2 of the 4 doubtful had been 
definitely exposed to tuberculosis. 5: De- 
spite the small size of the figures, the neces- 
sity for legislation along the lines of Massa- 
chusetts House Bill No. 56 of 1929 is clearly 
demonstrated.— Tuberculosis Rate in In- 
fants in Relation to the Milk Supply, P. R. 
Withington, New England J. M., November 
21, 1929, cct, 1034.—(A. P.) 


Diagnosis of Tuberculosis of Tracheo- 
bronchial Lymph Nodes.—The diagnosis 
of tuberculosis of the tracheobronchial lymph 
nodes is of the greatest importance, because 
the entire future of the child depends on it. 
It may make necessary open-air or even pre- 
ventorium life and careful attention to diet, 
because, if one is not careful, the child may 
develop generalized tuberculosis or tubercu- 
lous meningitis. One should not make the 
diagnosis of tuberculosis of the tracheobron- 
chial nodes, as a rule, if only a positive Pir- 
quet reaction and more or less confirmed 
clinical and roentgenological signs are pres- 
ent, and all the members of the family and 


those surrounding the family are healthy. 
On the contrary, one must strongly suspect 
it if the child has been in close contact with 
tuberculous parents or other people. Pedi- 
atricians have been too inclined to make the 
diagnosis of this disease on the sole basis of 
disputable roentgenological interpretations. 
The authors agree with Leon Bernard that 
pretuberculosis does not exist: a child is or is 
not tuberculous. The ease with which other 
conditions may be confused with tracheo- 
bronchial gland tuberculosis is stressed, as is 
also the risk of too much reliance on any of 
the clinical signs and symptoms. With re- 
gard to X-rays, only instantaneous roent- 
genography should be used, and pictures 
should be taken in the frontal and lateral 
positions. Those interpreting the films 
should have made pathologic controls in 
similar cases. Roentgenography in the right 
oblique anterior positions is not satisfactory 
because shadows cast by the pulmonary 
vessels may lead one to believe that a non- 
existent adenopathy is present. The pur- 
pose of the lateral roentgenogram is to ex- 
amine the intertracheobronchial group, 
which is not visible on anteroposterior roent- 
genograms. Itis useless to examine a lateral 
roentgenogram without the anteroposterior 
roentgenogram.— The Diagnosis of Tubercu- 
losis of the Tracheobronchial Glands, P. 
Armand-Delille and C. Lestocquoy, Am. J. 
Dis. Child., December, 1929, xxxvitt, 1125.— 
(P. J. W.) 


Tuberculin Skin Reactions.—The 
Mantoux, or intracutaneous, tuberculin skin 
test is recommended as being twice as sensi- 
tive as the Pirquet scarification test. To 
avoid a general reaction, the initial dilution 
should be 1:1,000. Stronger solutions may 
be used for later tests. The diluted solution 
should be kept on ice and should not be used 
after it is one or two days old. A control to 
the Mantoux test is not necessary. Tuber- 
culin is not thermolabile, but remains active 
after boiling for several hours. Any acute 
febrile disease may suppress the tuberculin 
reaction. The results of tests on 7,668 chil- 
dren are given. These children were pa- 
tients in the Children’s Medical Division of 
Bellevue Hospital, New York, their ages 
being from birth to 13 years. The observa- 
tions were made between January 1, 1921 
and January 1, 1929. The first six months 
show about 3.38 per cent positive reactions; 
from 6 months to 2 years, 8 to 12.5 per 
cent; 2 to 6 years, 15.6 to 18 per cent; 6 to 
10 years, when the contacts of the child 
increase, 26.3 to 29.7 per cent; and 10 to 13 
years, 38.8 and 43 per cent. It is evident 
that there are only about half as many 
children infected at each age in this country 
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as in the first series published from Europe, 
and that not over 40 to 50 per cent of Ameri- 
can children in the great cities harbor the 
bacillus even at puberty. Thus American 
children are not all infected by the time of 
puberty; and thus the tuberculin reaction is 
an important one. Infected children, who 
carry tubercle bacilli in their bronchial nodes 
or elsewhere, are the ones who need early 
correct diagnosis. The Mantoux test pro- 
vides the means of making it. It should be 
used on every child who is underweight, 
anaemic or languid, or who has an unex- 
plained irregular fever. These children with 
“tuberculous infection,” so called, have true 
incipient tuberculosis, latent or active. 
Their disease is generally in lymphatic tissue, 
where it is easily encapsulated, and where 
scar tissue does no great harm. Under 
intelligent, watchful care, they usually do 
well_— Tuberculin Skin Reactions, C. H. 
Smith, Am. J. Dis. Child., December, 1929, 
xxxviit, 1137.—(P. J. W.) 


Size of Intracutaneous Tuberculin 
Reactions.—It is generally agreed that the 
positive reactions obtained with artificial 
tuberculin are evidences of sensitiveness to 
protein, or true allergy, established some 
time after the initial infection with the 
tubercle bacillus. This study is made to 
determine whether any clinical significance 
could be attached to the size of the visibly 
reacting area, when single intracutaneous 
tests were performed under conditions simi- 
lar to office practice, with tuberculin pur- 
chased on the open market. New patients 
entering the Stanford Children’s Clinic (San 
Francisco) were tested with 0.1 mgm. tuber- 
culin without reference to their complaints. 
Tests were read after 48 hours, and only 
those were considered positive in which each 
diameter of the hyperaemic area was 5 mm. 
or more. Seven hundred positive reactions 
were obtained. Elliptical and circular areas 
were calculated according to shape. The 
average size was 459 sq. mm. (about the 
area of a silver quarter dollar). The small- 
est reactions occurred in the first year group, 
and there was an increase in the size of the 
reactions with each added year of age up to 
the sixth. The oriental races gave consider- 
ably larger reactions than other races. Chil- 
dren who had had contact with tuberculous 
persons reacted more strongly than children 
who gave no history of contact. A relation 
between sensitivity and the extent of roent- 
genographic lung-markings is suggested. 
Children suffering from phlyctenular con- 
junctivitis, lymph-node, and bone and joint 
tuberculosis reacted more strongly than those 
with hilar disease, while the latter gave 
slightly stronger reactions than children 


suffering from an adult type of tuberculosis. 
The reactions of patients classified as ‘‘la- 
tent tuberculosis” were slightly less in size 
than the general average. The difference 
is not sufficient to relate the degree of sensi- 
tization to the degree of tuberculous activity. 
Much more can be learned by observing the 
patient over a considerable period, testing 
him from time to time.—The Size of the 
Reacting Area in Intracutaneous Tubercu- 
lin Tests in Relation to Classification of 
Disease and to Other Clinical Factors, L. B. 
Dickey, Am. J. Dis. Child., December, 1929, 
xxaviti, 1155.—(P. J. W.) 


Tuberculin Reactions among Hospi- 
talized Children in Iowa.—Data have 
been collected from the records of patients 
treated in the Children’s Hospital, Iowa 
City. The children are preponderantly of 
the indigent class. Most of them come from 
small towns, or else directly from farms. 
Clinically recognized tuberculosis has been 
excluded. During the earlier period of the 
survey, 412 cases were tested by the cutane- 
ous (Pirquet) method, with a percentage 
positive of 3.88. The maximum incidence 
was reached at 12 years, with 15.8 per cent 
positive. In 1,356 cases tested by the in- 
tracutaneous method, 16.59 per cent were 
found to be positive, the yearly incidence 
increasing irregularly to a maximum of 31.4 
percentat16years. Thus, at the age of 16, 
approximately one-third of the hospitalized 
children, excluding those with recognized 
tuberculosis, have become infected. The in- 
tracutaneous test is clearly more reliable as 
a diagnostic measure. A study was made of 
a group of children tested by both methods, 
with no significant amount of time elapsing 
between the two tests. In a group of 42 
patients reacting positively to the intra- 
cutaneous test, only 5 had positive cutaneous 
reactions, a percentage of 11.9. Of 37 pa- 
tients with clinical tuberculosis, 28, or 75.6 
per cent, reacted positively to the cutaneous 
(Pirquet) test. Of 30 patients with clinical 
tuberculosis, 23, or 76.6 per cent, reacted 
positively to the intracutaneous (Mantoux) 
test. Thus there seems to be but slight 
difference in the adequacy of the two meth- 
ods in cases of known active tuberculosis. 
The total incidence of tuberculous infection 
in children of rural districts is in general 
lower than that in children of congested dis- 
tricts.—A Tuberculin Reaction Survey among 
Hospitalized Children in Iowa, M. H. Tay- 
lor, Am. J. Dis. Child., February, 1930, 
xxxix, 316.—(P. J. W.) 


Interpretation of Roentgenograms of 
Chest in Children.—This study was under- 
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taken to ascertain just what pathological 
changes were present in the lungs of children 
to account for shadows in the roentgeno- 
grams of the chest. A careful history of 
every patient was taken, with repeated physi- 
cal examinations and the necessary labora- 
tory work. Roentgenograms of the chest 
were made at intervals during life. If the 
patient died, films were taken of the chest 
postmortem, and finally films were made of 
the excised lungs in many cases. The study 
was made at the Children’s Memorial Hos- 
pital in Chicago. The primary focus is 
found far more often in postmortem speci- 
mens than on the films. This is true, not 
only because of the location of the focus 
behind denser structures in some cases, or 
because shadows are not cast, but also be- 
cause at times the primary focus may heal 
without leaving any noticeable evidence of 
its existence. Tuberculous cavities were 
found pathologically on several occasions, 
but in only a few instances was it possible 
to demonstrate them in the roentgenogram. 
The hilum is infected secondarily to the lung 
tissue, and this involvement is usually more 
extensive, remains larger, and leaves more 
recognizable scarring than the pulmonary 
infection. It is because of hilar shadows 
that many diagnoses of tuberculosis are 
made in error. Pathological change in the 
hilum may be due to many different proc- 
esses, some of which for a time resemble 
those due to tuberculosis. In only about 
50 per cent of the cases of miliary tubercu- 
losis could the diagnosis be made from the 
roentgenograms. The Pirquet reaction was 
positive in 50 per cent of the cases of miliary 
tuberculosis. Calcification is a term fre- 
quently used by all who interpret roentgeno- 
grams, and many diagnoses of tuberculosis 
have been made on its supposed presence. 
The frequency of calcified nodes in the chests 
of children is overestimated. In the series 
reported, calcification, when present, was 
always considered tuberculous because of its 
presence in a definitely tuberculous process. 
It has been stated that it takes about three 
years for calcium to be deposited, but it has 
been found in children under two years of age. 
Calcified lesions in children are more impor- 
tant than those in adults because they fre- 
quently represent only partial healing, from 
which a disseminated tuberculosis may 
originate. More care should be taken in 
the diagnosis of calcification with its related 
diagnosis of tuberculosis. In 171 necropsies, 
the majority of which were performed on 
patients under five years of age, calcification 
was found in only five instances.—Inter pre- 
tation of Roentgenograms of the Chest in 
Children Based on Observations at Necropsy: 
Tuberculosis, J. A. Bigler, Am. J. Dis. 


Child., December, 1929, xxxviii, 1166.— 
(P. J. W.) 


Monocytes in Tuberculosis of Infants 
and Children.—lIn the diagnosis of active 
tuberculosis, too much emphasis cannot be 
given to the importance of a careful history 
and painstaking physical examination. 
Laboratory tests are of inestimable value to 
substantiate and supplement clinical find- 
ings but should not be relied on alone. De- 
spite the development of numerous technical 
procedures within the past fifty years, mis- 
takes in diagnosis continue, often from in- 
correct interpretation and too complacent 
reliance on the results of one or more tests. 
Roentgenological evidence alone is not suffi- 
cient, as many different pathologic processes 
cast shadows closely simulating tubercu- 
losis. Tuberculin skin reactions determine 
the presence of infection, not its activity or 
extent. Persistent negative reactions with 
increasing doses are of great significance in 
excluding tuberculosis, but even here cau- 
tion must be exercised to rule out anergic 
states (in extensive and overwhelming dis- 
ease). It is well known that a careful study 
of the white blood cells is helpful in diagnos- 
ing many diseased conditions but until re- 
cently haematological studies have not been 
regarded asa dependable diagnostic or prog- 
nostic aid in human tuberculosis. Recent 
work of Sabin, Cunningham and Tompkins, 
Rogers and others, however, has shown that 
the monocyte-lymphocyte ratio and the 
presence of modified monocytes and epithe- 
lioid cells are of practical as well as academic 
interest in the diagnosis and prognosis of 
tuberculosis. The monocyte is more com- 
monly known as the transitional or large 
mononuclear cell. Normally their number 
compared to that of the lymphocyte is about 
1 to 4 or lower, but during periods of tubercu- 
lous activity is much higher. Blackfan and 
Diamond have, during the past year, studied 
the blood of actively tuberculous patients 
by means of the “supravital technique.” 
In group 1 the clinical diagnosis was con- 
firmed by necropsy, biopsy, guinea-pig in- 
oculation, or the finding of tubercle bacilli, 
but in group 2 it was not so confirmed. In 
group 1, the peripheral blood of infants and 
children during the active phase showed both 
a relative and absolute increase in mono- 
cytes and a corresponding decrease in lymph- 
ocytes, with the appearance in the blood 
of modified monocytes and epithelioid cells. 
During healing and quiescence the reverse 
occurred. Similar findings were generally 
obtained in group 2, strongly suggesting the 
correctness of the diagnosis. These modified 
monocytes and epithelioid cells are readily 
recognizable and differentiated from other 
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pathological mononuclears by Sabin’s “‘su- 
pravital” staining method, but cannot be 
positively identified by Wright’s method. 
However, when in a fixed smear an unusual 
number of abnormal mononuclear cells 
appear, tuberculosis should be considered 
and confirmation sought. Two illustrative 
case histories are cited. Conclusions: In 
infants and children the degree of activity 
of the tuberculous process is indicated in the 
peripheral blood by (1) the ratio of mono- 
cytes to lymphocytes, and (2) the presence 
of modified monocytes and epithelioid cells 
(“supravital” stain). Such changes are of 
diagnostic and prognostic aid and may be 
used as a guide to treatment.—The Diag- 
nosis of Active Tuberculosis in Infants and 
Children, (The Significance of the White 
Blood Cells), K. D. Blackfan and L. K. 
Diamond, Meeting Vermont State Med. Soc., 
October 12, 1928, published in New England 
J. M., July 25, 1929, ccit, 170.—(A. P.) 


Tracheotomy and Tuberculosis.—The 
author quotes Landouzy’s assertion, made 
in 1869, that children who had undergone 
tracheotomy for laryngeal diphtheria were 
especially susceptible to tuberculosis, and 
that very few reached adult life. A review 
of the literature shows that the experience of 
most observers does not confirm Landouzy’s 
observation. The case of a mother, aged 
32, is reported, who was tracheotomized for 
laryngeal diphtheria at the age of two; also 
the case of her child, who was tracheotomized 
at the age of four. There was never any 
tuberculosis in either patient. The author 
takes sides with Landouzy’s opponents.— 
Tracheotomy and Tuberculosis, J. D. Rolles- 
ton, Brit. J. Child. Dis., July-September, 
1929, xxvi, 200.—(P. J. W.) 


History of BCG.—One experiment of 
twenty years ago, since become classical, 
cast much light on artificial immunization 
against tuberculosis in cattle. If one 
selected two cows, one reacting to tubercu- 
lin, the other not, that is, one tuberculous, 
the other not, and on the same day inocu- 
lated into the veins of both the same quan- 
tity of virulent tubercle bacilli which ought 
to kill in four to six weeks, it was noted with 
astonishment that the healthy cow died 
within fifty days of massive miliary tuber- 
culosis of the lungs, while the other contin- 
ued in the appearance of health and the pre- 
existing lesions did not seem to be aggravated. 
This experiment, together with some old 
observations of Marfan, for human beings, 
explained certain disturbing results observed 
on attempting Behring’s bovovaccination in 
1905. One notion regarding active immun- 
ity, until then unknown, was the necessity 


of the presence in the organism of tubercle 
bacilli, in order to confer resistance against 
new infection. The same notion explains 
the slowness of evolution of tuberculous 
disease in cattle, which may exist for years 
notwithstanding the appearance of health. 
Further experimental work clearly showed 
that living tubercle bacilli confer resistance 
to reinfection, at least in warm-blooded 
animals. Practical utilization of this knowl- 
edge was full of difficulty, as the tubercle 
bacilli of warm-blooded animals were all 
potentially pathogenic, while those of the 
cold-blooded ones were of too degraded a 
type to be effective in protecting mammals. 
The quality of the tubercle bacilli is of prime 
importance. The bacillus must preserve 
its essential character, with the exception of 
pathogenicity; it must be inoffensive and yet 
effective. Development of BCG Strain: A 
very virulent bacillus of bovine origin was 
selected, originally isolated by Nocard from 
tuberculous milk. On February 7, 1908, 
this was seeded for the first time on glycerin- 
ated potato bile. A medium containing bile 
was selected because of the observation that 
cultures of bacilli readily became reduced 
to a fine emulsion in a mortar if moistened 
with one or two drops of sterile ox-bile 


‘ which seemed to have a saponifying action 


on their waxy coating. This led to the 
belief that cultures frequently renewed over 
a long period on such a medium might 
eventually become modified as to this fatty- 
waxy envelope. Growth on biliated potato 
medium at once yields a rich culture, the 
surface colonies being of a gray-green color. 
The first transplants were made every two 
weeks, and later every three weeks. On 
January 1, 1928, after twenty years, 347 
successive transplants had been made with- 
out interruption. Modifications of viru- 
lence took place very slowly, but gradually. 
At the end of 20 transplants the inoculation 
of 0.001 mgm. intraperitoneally in the guinea 
pig, provoked in a week’s time enormous 
mesenteric lesions, riddled with masses of 
tubercle bacilli, and the spleen, enlarged to 
three times normal size, showed many. 
The same dose injected intravenously in the 
rabbit killed the animal in two to three weeks 
by septicaemia. In the young calf, on the 
other hand, the original lethal dose of 
3 mgm., injected intravenously, produced 
only chronic lesions. By the thirty-fourth 
transplant the biliated bacillus no longer 
caused lesions in cattle and immunization 
experiments with these animals were begun. 
The horse and the ass, however, behaved 
like the smaller laboratory animals in their 
reactions, 3 mgm. of the biliated bacilli in- 
travenously causing death from acute miliary 
disease in twenty-five to fifty days. In 
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1919, after the 198th transplant, the bacillus 
grown on glycerinated potato medium 
looked like a normal culture and tuberculin 
was detectable in new cultures from the 
first. Its lack of virulence, however, was 
complete in doses of 1 mgm. for the guinea 
pig and rabbit, 5 mgm. for the horse, and 
100 mgm. for the ox. Doses of 20 mgm., 
given intravenously to five or six months’ 
old calves, caused no immediate reaction, 
but, beginning with the second week, a 
violent hyperthermia, with intense constitu- 
tional phenomena,—anorexia, wasting, etc., 
—suggesting a crisis of “typho-bacillosis.”’ 
This lasted four to eight days, followed by 
resolution and complete restoration to 
health, with never the least development of 
lesions. Doses of 50 to 100 mgm., inoculated 
under the skin of the dewlap of young cattle, 
caused in forty-eight hours an intense 
oedema, attaining toward the end of a week 
the size of a pigeon’s egg, hard and mobile. 
In a few animals transitory evening hyper- 
thermia was noted. There was no tendency 
to suppuration, and the lesion gradually 
diminished, but some traces might persist 
several years. These animals reacted defi- 
nitely to tuberculin from about the twentieth 
day on, but this reaction usually diminished 
and disappeared within a year. These 
animals exhibited remarkable resistance to 
reinfection, standing a dose of 5 mgm. of 
virulent bacilli without ill effects, although 
controls died of acute miliary disease of the 
lungs in thirty to fifty days. They survived 
contact with disease over eighteen months 
without any ill effects, but virulent bacilli 
did enter their lymph nodes and could be 
detected by inoculation in the guinea pig. 
Protective inoculation of young cattle, based 
on these experiments, was begun in 1921. 
The technique is as follows: A 10-cc. syringe 
with quite a long needle is filled directly 
from the vaccine ampule and the needle is 
thrust deeply into the connective tissue of 
the dewlap, toward the upper third of the 
skin fold. No special after care is needed, 
but they should not be submitted to tuber- 
culin tests for quite a period because of their 
interference with the development of im- 
munity. The appearance of resistance can 
be determined by the intravenous injection 
of 5 mgm. of virulent bacilli. It begins to 
appear about the fifteenth day or toward the 
middle of the febrile period, and is fully es- 
tablished by the twentieth day, lasting a 
year or more (fifteen months probably). A 
revaccination reéstablishes or prolongs it. 
A large rural farm in one of the Western 
Departments of France was available for 
practical testing of the method. This vac- 
cination was systematically performed on 
all the calves as soon as possible after birth, 
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other conditions and methods of bringing 
them up being kept the same. It had been 
customary to separate the mother from the 
calves soon after birth because of the epi- 
zodtic diseases which frequently attacked the 
calves. However they were fed on raw 
milk much of which came from tuberculous 
cows. In the course of six years, up to 
January, 1927, 70 calves, of whom 20 were 
from tuberculous mothers, were thus vac- 
cinated and revaccinated. On this date 30 
of the animals were slaughtered and care- 
fully necropsied. No lesions were discov- | 
ered in any of the vaccinated, which shows 
the incapacity of BCG to recover its original 
virulence after a sojourn of several years in 
living animals. These findings combat the 
view that BCG. should be reserved for 
children born of tuberculous mothers or 
brought up in a tuberculous environment. 
If BCG. is incapable of recovering its viru- 
lence in the bovine body, how much less 
likely that it should do so in the human 
body, for which it is infinitely less formi- 
dable! From September, 1924, to Decem- 
ber, 1928, there were carried out, in France, 
Belgium, England, Holland and Italy, 20,358 
bovovaccinations or revaccinations without 
incident. Human Problem: In the human 
race 93 to 96 per cent of adults, at least in 
large cities, react to the tuberculin test, in- 
dicating infection with the tubercle bacillus. 
In many cases such infections date from 
very early in life, and Calmette has traced 
their frequently occult course. Unfortun- 
ately these occult contaminations, while 
compatible with the appearances of health, 
seem to profoundly and definitely affect the 
organism; hence the value of BCG. to pro- 
tect human beings as well as cattle. In 
July, 1921, Weill-Hallé first vaccinated a 
young infant in the maternity ward of la 
Charite. A few days after birth its mother 
had died of phthisis and it was to be brought 
up by its grandmother, also phthisical. 
The child has survived without any unto- 
ward eg After thoroughly satisfying 
himself that BCG. was innocuous, by ex- 
periments on various animals, including 
anthropoid apes, Weill-Hallé resumed vac- 
cinations of children and by January, 1924, 
had so treated 317 newborn, together with 
Turpin and Mlle. Coloni, with only one 
death at 4 months of a child suckled by its 
phthisical mother until her death in the 
hospital. Except 14 others, who died of 
nontuberculous maladies, all were perfectly 
developed and up to normal weight. Con- 
sidering these results proof of the innocuous- 
ness of BCG. for the nursling, as well as for 
various animals susceptible to tuberculosis 
the Pasteur Institute decided to supply it to 
the general profession of France and to 
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foreign laboratories. Thus, from July, 1924, 
to July, 1928, data have accumulated rap- 
idly. In France about 116,000 were vacci- 
nated. Those born of tuberculous mothers 
or living in a tuberculous environment num- 
bered 3,607. Elaborate inquiries have been 
made to learn the fate and state of health of 
those vaccinated. The known tuberculous 
mortality for the first year among the 3,607 
last mentioned, including deaths from 
“meningitis,” was 1.5 per cent, and from 1 
to 4 years 0.3 per cent, while the general 
mortality (from all causes) has been respec- 
tively 7.3 per cent and 1.7 per cent. As 
there do not exist in France official figures 
covering these same ages there have been 
taken as controls children born of tubercu- 
lous mothers or born and brought up in a 
tuberculous environment, not vaccinated, 
but under the surveillance of the Ministry 
of Health through their dispensaries or 
offices. Replies were received from 204 of 
these, bearing on 4,854 unvaccinated chil- 
dren, of whom 1,989 were born of tubercu- 
lous mothers and 2,865 born or brought up 
in a tuberculous environment. Among the 
first group there was an 18 per cent mortality 
from tuberculosis and 24.2 per cent from all 
causes; among the second, 13.9 per cent from 
tuberculosis and 18 per cent from all causes. 
The same antituberculosis offices or dis- 
pensaries were able to follow in the years 
1925 to 1927, inclusive, 2,368 infants vaccin- 
ated with BCG., of whom 879 were born of 
tuberculous mothers and 1,489 born or 
brought up in a tuberculous environment. 
The mortality among the first group was, 
from presumable tuberculosis, 3.6 per cent, 
and from all causes 16 percent. Among the 
second group it was, from presumable tuber- 
culosis, 2.6 per cent, and from all causes 8.9 
per cent. Summing up, the total tubercu- 
lous mortality was, in the unvaccinated 15.9 
per cent, and in the vaccinated 3.4 per cent; 
the general mortality was, in the unvacci- 
nated, 21.1 per cent, and in the vaccinated 
12.5percent. Thus, for infants of the same 
age, brought up under exactly comparable 
conditions, preventive vaccination by BCG. 
reduced the tuberculosis mortality nearly 
three-fourths and the general mortality 
nearly one-half. The vaccinated children 
show a better resistance to measles, grippe, 
bronchopneumonia and intestinal affections, 
possibly due to stimulation of the lymphatic 
system. A study was also made of children 
born of tuberculous mothers and not sepa- 
rated, vaccinated between July 1, 1924, and 
July 1, 1927 and who have lived at least a 
year in continuous contact since birth, their 
records being followed up to October, 1928, 
or until death. There were 814 such chil- 
dren. Among these the tuberculous mor- 


tality from one month to four years was 2.4 
per cent, and the general, from all causes, 
10.6 per cent. During the same period the 
204 antituberculosis dispensaries or offices 
reported 1,989 children born of tuberculous 
mothers and not separated or vaccinated. 
They showed a tuberculosis mortality of 18 
per cent. Thus the protective value of 
BCG. for this class of children is conclusively 
demonstrated. Its innocuousness cannot 
be doubted. But nothing prevents its being 
renewed, for instance, at the end of the first 
and third years, and again at about ages of 
7 and 15, for those who fail to react to the 
tuberculin test, which shows that they have 
either lost their immunity or escaped infec- 
tion because of vaccination. For revaccina- 
tion, a single subcutaneous injection of 0.05 
or 0.025 of a mgm. is sufficient and causes 
no untoward reaction.— La vaccination anti- 
tuberculeuse par le BCG. Son Histoire,—ses 
Qualités, Guérin, Rev. Belge d. 1. Tuberc., 
March-April, 1929, ii, 65.—(A. P.) 


Immunization with BCG.—The facts 
here set forth are the result of studies pur- 
sued from 1922 to 1928 with the collabora- 
tion of Benda and Mlle. Maas, physicians, 
and four visiting nurses, also named. Weill- 
Hallé himself had in 1921, eight months pre- 
viously, made the first clinical trial of the 
vaccine. To maintain permanent medical 
surveillance over healthy children is not an 
easy task. Fixed consultations were, how- 
ever, established, supplemented by domicil- 
iary control by the visiting nurses. Obser- 
vations made included weight, cutireaction, 
and other individual records. Some of the 
results have been published periodically at 
various stages. Since 1924 weekly consulta- 
tions have been held at the Hépital Herold 
and the Ecole de Puériculture of the Faculty, 
and two supplementary ones each month 
at Belleville and Asniéres. In addition, 
nearly 2,000 letters were sent out in 1927 
and 1928. At each consultation about 16 
children were examined, this being done 
every three months when possible, clinical 
examination being finally completed by 
cutaneous tuberculin tests, roentgenography 
and laboratory studies as indicated. The 
results assembled comprise the figures of 
morbidity and mortality among the vaccin- 
ated, compared with those established for 
the unvaccinated under similar conditions. 
There is a certain element of error due to 
the presence of a group which could not be 
controlled, amounting to 78 out of 613 by 
March, 1928. Since then the number vac- 
cinated by ingestion has increased to 664, 
while the proportion of unknown has dimin- 
ished. There remain 586 children followed 
up, among whom there were 42 deaths over 
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six years, or 6.32 per cent of the total 664, 
or 7 per cent of those followed up. We must 
now study separately those brought up in 
tuberculous and non-tuberculous environ- 
ment. Children Brought Up in a Tuber- 
culous Environment: There were 152 such, 
issue of tuberculous parents, and some of 
their histories are cited, which include quite 
a’ number of curable tuberculous incidents. 
The total number of deaths was 20, among 
which 95 per cent occurred during the 
first year. The percentage of positive tu- 
berculin cutireactions increased steadily 
from 14.7 per cent at three months to 
66.6 per cent at two and one-half years, and 
then diminished slightly. The percent- 
age of deaths from sure or possible tubercu- 
losis was 3.9 per cent during the first 
year, from controlled or positively deter- 
mined tuberculosis 0.65 per cent. After the 
first year no deaths were recorded among 
vaccinated infants in a tuberculous environ- 
ment (since 1922) excepting a single case at 
twenty months. These children may again 
be divided into three subgroups: (1) those 
born of tuberculous mothers, with or with- 
out bacillary sputum, (2) those born of 
healthy mothers but otherwise exposed to 
bacillary environment, and (3) those born 
of healthy mothers, exposed to other con- 
tacts, without determination of bacillary 
sputum. Tuberculin cutireactions were 
negative in the majority in each group. 
Children Reared in Healthy Surroundings: 
These included 392, vaccinated by ingestion 


of BCG and examined regularly thereafter. 


Among the maladies occurring were the 
ordinary toxiinfections; also there were cer- 
tain episodes of a tuberculous nature, the 
source of which was difficult to determine. 
Tuberculin Cutireactions: The percentage 
of positives increased from 4.5 per cent at 
three months to 14.2 per cent at the end of 
a year, 21.6 per cent after eighteen months, 
23.3 per cent at two years, and 45.4 per cent 
at four years. Calmette argues that the 
development and persistence of cellular 
sensitiveness to tuberculin is ordinarily 
associated with follicular lesions, which, 
however, are not produced by BCG. Never- 
theless BCG may set up ephemeral lesions, 
coinciding with a transitory sensitiveness to 
tuberculin. Its absence is no indication of 
lack of antituberculous immunity, however, 
since this state is independent of tuberculin 
sensitiveness. Thus are explained the pos- 
sible variations of the cutireaction in the 
vaccinated. Fatal Pathological Episodes: 
There were 22 deaths among these 392 chil- 
dren (5.6 per cent), of which 17 occurred 
during the first year, 3 the second, and 2 the 
third. Most of these were due to ordinary 
toxiinfectious causes but certain of them 
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may have been of tuberculous causation. 
The presumably tuberculous deaths amount 
to 1.02 percent, being highest the first year. 
Revaccination: Experimental studies have 
shown that vaccinal protection flags at 
about eighteen months and that one or 
more revaccinations are advisable. How- 
ever, certain children vaccinated in 1922 have 
lived to date in tuberculous surroundings 
without their immunization being renewed. 
The anthropoid and pithecian apes vacci- 
nated by Wilbert in 1923 still resisted (in 
1927) contamination by tuberculous apes 
living with them. Still a revaccination at 
the end of the first and third year seems a 
wise precaution, performed when the child 
is enjoying good health. Over 200 such 
have been carried out, mostly with the cuti- 
reaction negative. Vaccination by Injec- 
tion: Since 1924 the innocuousness of the 
vaccine seems clearly demonstrated. Fre- 
quently infants are seen who for various 
reasons were unable to benefit from early 
vaccinal ingestion. Also, the uncertain and 
slow absorption by this route makes a better 
method desirable. Subcutaneous injection 
has the double advantage of clearly demon- 
strating the innocuousness of the vaccine and 
of being applicable also to larger children, 
perhaps even adults. However, it is highly 
important to first determine that the organ- 
ism is a virgin one as regards tuberculous in- 
fection and proof of non-contamination must 
be demanded. Otherwise we risk provoking 
Koch’s phenomenon, a focal reaction, or 
generalization. Various authors have since 
pursued this method, notably Parisot, at 
Nancy, Colonial physicians such as Rous- 
seau and Grofilez, Heimbeck in. Norway, 
Wallgren in Sweden. The dose arrived at in 
the beginning was 1 to 2 mgm. containing 
40 to 70 million bacilli. Following this, 
subcutane,us nodosities were observed, 
veritable tuberculous gummas, which ulti- 
mately broke down and discharged. To 
avoid these local lesions the highest dose 
was sought which would not cause abscess. 
Little by little the initial dose was reduced to 
4, then x, finally 34 mgm. The injection is 
practised at the level of the axillary border 
of the scapular region, which is very acces- 
sible to the operator but not to thechild and 
not very painful to puncture. Doses above 
zy mgm. almost invariably cause small 
abscesses, while less than ;45 mgm. rarely do 
so. There is a latent period of two weeks; 
then an indurated nodule is palpable under 
the skin and attains its maximum at five or 
six weeks; it then softens progressively while 
the skin becomes red and toward the end of 
the second month it “points” externally, 
discharging a thick creamy liquid, containing 
necrotic cells, polynuclears and macrophages, 
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with rare bacilli or granulations. In a few 
days it becomes more serous and at the end 
of a few weeks cicatrizes in a punctiform 
manner, some redness remaining for several 
months. With doses between 0.02 and 0.01 
mg. the infiltration resolves without open- 
ing externally. By the fourth or fifth week 
the Pirquet reaction becomes positive, sooner 
than is the case with the ingestion method. 
Although Calmette has shown that allergy 
and immunity are not necessarily parallel, 
such early appearance of a positive cutireac- 
tion suggests associated biological changes 
leading to immunity. The subjects so vac- 
cinated may be divided into two categories: 
(1) those definitely separated since birth or 
several weeks of age from contagious sur- 
roundings, and (2) those in the vicinity of a 
bacillary spitter or only recently separated. 
In the first case, two or more cutireactions, 
at weekly intervals, are carried out; in the 
second a month’s observation is deemed 
necessary, when if the tuberculin cutireaction 
is still negative vaccination is performed. 
From April, 1924, up to date (1928) this 
method has been used on 35 infants, a very 
limited number compared with the 600 and 
more vaccinated biy ingestion. There have 
been 6 deaths among these, one of broncho- 
pneumonia complicating measles, 2 of con- 
vulsions suggesting meningitis, 2 of alimen- 
tary toxiinfections, and the sixth of broncho- 
pneumonia. The health of the others 
appears satisfactory, although mostly living 
in a tuberculous environment. In most 
cases the tuberculin cutireaction has become 
positive since vaccination. Conclusions: 
The innocuousness of BCG vaccine has been 
clearly shown and its effectiveness proved. 
Seven consecutive years of study confirm 
this opinion. The objections put forth are 
theoretical. Vaccinal ingestion does not 
affect growth or development, even in the 
case of premature children. The clinical 
histories and experimental facts do not sup- 
port the objection of possible return of 
virulence. Thus: /: Antituberculosis vac- 
cination by BCG of previously uncontami- 
nated subjects is quite inoffensive. 2: It 
may be carried out either perenterally or 
subcutaneously. 3: By the digestive tract 
the newborn receive 3 doses of 0.01 gm. 
BCG renewed at one and three years. 4: 
By the subcutaneous route, 0.01 to 0.02 mgm. 
are given, after a period of observation with 
at least 2 negative cutireactions at weekly 
intervals, 5: Isolation for a sufficient pe- 
riod following administration of the vaccine 
is recommended. 6: The results obtained 
during over six years’ observation, with con- 
firmatory tests in France and foreign coun- 
tries, warrant extending the method to 
threatened infants and those not threatened 
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whose families ask for it, to adults, especially 
hospital attendants, exposed permanently 
to contamination, as yet free from infection, 
and to indigents from infected regions.— 
Sur la vaccination antituberculeuse du nour- 
risson par le BCG (1921-1928), B. Weill- 
Hallé and R. Turpin, Rev. d. 1. Tuberc, 
February, 1929, x, 9.—(A. P.) 


Use of BCG in Belgium.—In Belgium 
l’Institute Bacteriologique of the Univer- 
sity of Liege was authorized to prepare and 
distribute Calmette’s vaccine. In 1924 this 
service began to function for physicians in 
both Belgium and Luxembourg. By August 
1, 1928, 1,111 children had been vaccinated 
with BCG, and demands for it came from 
201 physicians, 14 maternity hospitals and 
the dispensaries affiliated with the Ligue 
Nationale Belge contre la Tuberculose. In 
1929 information was requested of the physi- 
cians as to the state of health of 506 children 
vaccinated from one to four years,—from 
August 1, 1924, to August 1, 1928. Two 
hundred and eighty-three sufficiently definite 
replies were received concerning children 
regularly followed by the physician. Among 
those vaccinated one to two years 55 had 
been brought up in contact with tubercle- 
bacillus carriers, 13 in contact with nonbacil- 
lary tuberculous persons, and 20 in a non- 
tuberculous environment. Among _ those 
vaccinated two to three years 63 had been 
brought up in contact with bacillary tubercu- 
lous persons, 21 with nonbacillary tubercu- 
lous persons, and 38 in a nontuberculous 
environment. Among those vaccinated 
three to four years before, 43 had been 
brought up in contact with bacillary tubercu- 
lous, 10 with nonbacillary tuberculous, and 
20 in a nontuberculous environment. The 
mortality from presumably tuberculous 
affections among all those in contact with 
bacillary tuberculous persons was less than 
2 per cent, and the nontuberculous mortality 
8 percent. The latter included such causes 
as athrepsia, congenital debility, “‘convul- 
sions,” gastroenteritis, pneumonia and the 
exanthematous infections. These results 
may be compared with the results of investi- 
gations made by Falloise among the families 
of bacillary tuberculous persons for the 
League, finding a 20 per cent mortality 
among contact infants under a year, and 
with the still higher mortality of 29 per cent 
gathered by the dispensaries for the Arron- 
dissement of Liége.—Le dispensaire anti- 
tuberculeux, J. Van Beneden, Rev. Belge d. 
l. Tuberc., March-April, 1929, xx, 77.— 


BCG.—Calmette answers some objections 
raised by Uhlenhuth and others concerning 
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the technique of application and the results 
from the use of BCG.—A. Calmeite and C. 
Guérin, Deutsche med. Wchnschr., December 
27, 1929, lv, 2173.—( H. S. W.) 


Bacteriology of Pus from BCG Absces- 
ses.—It is well known that subcutaneous 
protection by BCG vaccine gives rise, in 
about 10 per cent of cases, according to 
statistics from the Villemin Dispensary, at 
Nancy, to small local lesional reactions de- 
scribed by Weill-Hallé and Turpin, consist- 
ing in the appearance, at the end of a variable 
number of days, of a small subcutaneous 
nodule the size of a pea at the site of injec- 
tion. These may develop in two ways: 
(1) retrogress or disappear without trace, or 
(2) increase, soften, fluctuate, and finally 
become true cold abscesses, curing quickly 
and definitely after puncture and evacuation. 
This pus, aseptically withdrawn, has been 
the object of investigation. Despite the 
small dose of vaccine (about 0.01 mgm. or 
about 400,000 bacilli) it was thought that if 
BCG were recovered, some new experimental 
knowledge could be gathered as to its sta- 
bility and capacity for transmutation. In 
most instances 1.5 to 2 cc. of greenish pus 
were obtained and cultivated on ordinary 
gelatin and ascitic gelatin. The remainder 
was injected subcutaneously in the thigh of a 


guinea pig, each animal receiving a minimum 


of 1.5 cc. After a week’s incubation, in all 
but one case the culture tubes remained 
sterile; this one showed a white staphylo- 
coccus, probably an accidental contamina- 
tion. Microscopic examination showed acid- 
fast bacilli in only two cases, but if more 
material had been used and homogenized 
doubtless there would have been more. We 
can, however, state that the inoculated 
animals received these same acid-alcohol-fast 
bacilli and no others; hence their reactions 
would show if they were typical BCG, aviru- 
lent and incapable of tuberculization. None 
of the guinea pigs exhibited any symptoms 
and, in short, lived the same life as the con- 
trols. None of the necropsies showed any 
lesion of tuberculous appearance. As tothe 
thorax, there were no tubercles, pulmonary 
congestion or abnormal intertracheobron- 
chial nodes. Smears from the central parts 
of these nodes failed to show any acid-fast 
bacilli. Conclusions: 1: Subcutaneous in- 
jection of 0.01 mgm. of BCG may determine 
(in about 5 per cent of cases) a local reaction 
with the eventual formation of a small 
abscess which heals rapidly if punctured and 
evacuated. 2: By direct examination of the 
pus one may find acid-alcohol-fast bacilli 
but no other organisms. 3: Finally, these 
bacilli when reinjected into animals suscep- 
tible to Koch’s bacilliare incapable of causing 
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the development of tuberculous lesions in 
them: hence they remain avirulent BCG. 
It is therefore concluded that after two to 
four months’ habitation in a human organ- 
ism the BCG bacillus was incapable of re- 
covering tuberculogenic properties and 
that the purely local incidents which may 
occur have nothing to do with true tubercu- 
lous lesions.—Le pus des abscés consécutifs 
aux injections vaccinantes de BCG: son 
étude bactériologique et expérimentale, J. 
Parisot, L. Fernier and H. Saleur, Rev. d. l. 
Tuberc., February, 1929, x, 50.—(A. P.) 


Infantile Mortality in Tuberculous 
Environment.—lIt seemed desirable to com- 
pare the ordinary mortality under such con- 
ditions with that of infants vaccinated with 
BCG. First the mortality prior to 1921 
(before the period of prophylactic organiza- 
tion) is compared with that of 1924-1928. 


"The group selected comprises in part the 


old town of Nancy, the suburban villages, 
the industrial centre of Pompey Frouard, 
and that of Joeuf, to the Northeast, in the 
midst of a populous metallurgical basin. 
This is all included in the Department 
Meurthe-et-Moselle. In the period of obser- 
vation indicated (July 1, 1924—December 31, 
1927) there were 155 births. The children, 
all strictly supervised, have been in increas- 
ing proportion vaccinated with BCG. By 
July 1, 1928, there had occurred 32 deaths, 
of which 17 took place the first year, from 
all causes, or 10.96 percent. If to these 155 
births are added 221 children less than four 
years old July 1, 1924, we have a total of 
376, of which during the period mentioned 
(up to December 31, 1927) 45 died between 
birth and four years, or 11.96 per cent. 
Among 55 new-born children receiving BCG 
there were 7 deaths, 1 attributed to tubercu- 
losis, while among the nonvaccinated there 
were 14 deaths, 7 attributed to tuberculosis 
(or half the total). The following further 
statistics are cited: J: The 21 villages had at 
the census of 1926 a total of 51,802 inhabi- 
tants, and registered during the 1924-1928 
period 4,546 births “domiciliated,” of which 
443 died in their first year during the same 
period, or 9.74 per cent. The town of 
Nancy, during the same period, had a mean 
mortality of 11.3 per cent. Its population 
in 1926 was 108,439. The infantile mor- 
tality recorded prior to 1921 during the first 
year in a bacillary environment was consider- 
able, as Calmette found: 32.6 per cent for 
Paris, and 40, 60, and even 70 per cent for 
certain other districts or countries. For 
Meurthe-et-Moselle the mean figure was 18 
per cent but varied greatly with hygienic and 
social conditions. The maximum figures 
were just short of 26 per cent. Summary 
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and Conclusions: The tuberculosis mortality 
which formerly was so formidable for young 
children in a bacillary environment has, 
through the concerted development of anti- 
tuberculosis prophylaxis, notably retro- 
gressed. In Meurthe-et-Moselle it has in a 
few years fallen from 18 to 10 percent. In 
addition to direct prophylactic measures 
must be considered such indirect ones as the 
reduction of alcoholism and syphilis, im- 
proved alimentation and upbringing, etc. 
These are as important in relation to the 
tuberculous child as to others—’Mortalité 
infantile dans les milieux familiaux bacil- 
laires, J. Parisot and Saleur, Rev. d. 1. Tu- 
berc., February, 1929, x,45.—(A. P.) 


Haemorrhagic Diathesis in Tubercu- 
losis.—It is a commonly accepted fact 
among clinicians that certain individuals 
suffering from tuberculosis show marked 
tendency to haemoptysis, while others with 
lesions pathologically similar do not bleed 
at any time during the course of the disease. 
It has been found that those showing haem- 
orrhagic propensities are often the victims 
of some latent blood dyscrasia. The find- 
ings are especially noteworthy in patients 
with copious and repeated haemorrhages, 
out of all proportion to the extent of the 
lesion. Fifty such individuals were chosen 
and studies were made to determine whether 
or not some blood dysfunction was present. 
The blood platelet count was below 200,000 
in 29 cases; above 250,000 in 14 cases; be- 
tween 200,000 and 250,000 in 7 cases. The 
bleeding time was longer than 4 minutes in 
12 cases. The coagulation time was normal 
in all cases but one, in which it was slightly 
increased. Retraction of the clot was poor in 
22 cases; fair in 12 cases; good in 15 cases; 
excellent in one case. Hess’s test was posi- 
tive in 10 cases. Koch’s test was positive 
in 5 cases. The hammer test (gentle per- 
cussion of the skin over superficially placed 
bones and noting appearance of subcutane- 
ous haemorrhage) was positive in 2 cases. 
A haemorrhagic diathesis is often a mani- 
festation of lowered resistance and is com- 
monly observed in many of the acute in- 
fectious diseases.—L’emogenia  acquista 
tubercolare, A. Rabino, Tubercolosi, March, 
1929, xxi, 105.—(U. E. Z.) 


Cellular Reactions in Tuberculosis.— 
In a previous experiment large mononuclear 
cells and polymorphonuclear leucocytes 
containing tubercle bacilli were observed 
within the peritoneal exudate in guinea pigs 
infected with tuberculosis. The question 
arose whether the mononuclear cells were 
actually the monocytes of Sabin and whether 
the phagocytosis of the tubercle bacilli by 
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these cells and by the polymorphonuclear 
leucocytes necessarily involved only the 
dispersal of the organisms throughout the 
animal economy, or whether this phago- 
cytosis might not under some circumstances 
be a contributory cause to the destruction 
and elimination of the infecting bacteria. In 
fact, the possibility that under certain condi- 
tions phagocytosis by the polymorphonu- 
clear cells in particular might be the chief 
agency in decreasing the number of viable 
organisms could not be lightly dismissed. 
Consequently experiments were undertaken 
to disclose certain facts with reference to the 
occurrence and activity of these cells in 
animals infected with tuberculosis. As the 
allergic state determines in a large measure 
the course of infection with tuberculosis, the 
cellular reactions of the peritoneal exudate 
following intraperitoneal injections of viru- 
lent tubercle bacilli were determined in both 
allergic and nonreacting animals. A series 
of 18 matched guinea pigs were divided into 
three groups. One of the groups received 
subcutaneously 1 cc. of a fairly heavy sus- 
pension of tubercle bacilli of low grade viru- 
lence (RI). Approximately three months 
later 4 guinea pigs of this group, now allergic 
(2 having died of intercurrent infection) and 
the 6 guinea pigs of another normal group 
were inoculated intraperitoneally with a sus- 
pension of virulent tubercle bacilli (culture 
no. 571). Prior to the inoculation, examina- 
tions of the peritoneal exudate in all the 
animals were made, and these examinations 
were continued under standard conditions at 
suitable intervals following the inoculation. 
Both the vital-staining technique and smears 
stained by the Wright method were em- 
ployed. In the results recorded in the 
charts, values representing composite counts 
of the two methods are given. The changes 
in the nonallergic animal were as follows: 
Polymorphonuclear leucocytosis, monocy- 
tosis, a variable lymphocytosis with a per- 
sistent, though variable, monocytosis; and 
in the allergic animal: Polymorphonuclear 
leucocytosis, monocytosis accompanied by 
lymphocytosis, monocytosis, overshadowed 
by lymphocytosis. The response of the 
allergic animal differs from that of the non- 
allergic not so much in the quality of the 
cell response as in the quantity of cells to 
make their appearance and in the rapidity 
with which the reaction progresses through- 
out several stages. The rise in the number 
of the polymorphonuclear leucocytes and 
the lymphocytes is more abrupt and higher 
in the former than in the latter animal. In 
the case of the monocytes, however, although 
the initial rise is more rapid in the allergic 
animal, the level finally attained is generally 
higher in the nonallergic. In the above ex- 
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periment no observations were made prior 
to twelve hours after the infecting dose had 
been given. Two additional animals were 
taken, one allergic and the other nonallergic, 
and each was inoculated intraperitoneally 
with a fairly heavy suspension of R1 tubercle 
bacilli, and the peritoneal exudate was with- 
drawn at varying intervals beginning ten 
minutes after injection. It was found that 
in the first hour none of the monocytes of 
the allergic animal ingested organisms, while 
in the nonallergic animal the bacilli were 
phagocytized during the period by both the 
monocytes and the polymorphonuclear leuco- 
cytes. However, in the allergic animal 80 
per cent of the polymorphonuclear leucocytes 
at the end of the first hour and 100 per cent 
at the end of the second hour had ingested 
tubercle bacilli, while the corresponding 
figures for the nonallergic animal were 16 
and 29 per cent respectively. To determine 
whether the phagocytosis by the polymor- 
phonuclear leucocyte resulted in a destruc- 
tion of the organisms, an allergic and a non- 
allergic animal, previously treated with 
aleuronat suspension intraperitoneally and 
having developed the characteristic peri- 
toneal reaction with leucocytosis, were in- 
oculated intraperitoneally with a suspension 
of R1 organisms. After two hours the 
animals were killed and the washings from 


the peritoneal cavity in various dilutions 
were seeded on Petrofi’s medium which con- 


tained no gentian violet. After four months’ 
incubation, growth was apparent in the lower 
dilutions but only in the tubes seeded with 
exudate dilutions from the nonallergic ani- 
mals. As only individual animals were used 
in the last two experiments the results are 
suggestive but not conclusive. Apparently 
the phagocytes from the normal animal are 
not as active in destroying bacilli as those 
from an allergic one. To determine whether 
variants of the tubercle bacillus would pro- 
duce a different cell picture an organism iso- 
lated from a child was “dissociated” by the 
method of Petroff. Two distinct colony types 
were obtained, but on inoculation into nor- 
mal and allergic guinea pigs the cellular 
reaction was found the same for both. An 
attempt to determine the difference in the 
avidity with which the bacilli of the two 
types of colony would be phagocyted was 
made by the Wright opsonin method. When 
normal serum was utilized the amount of 
phagocytosis of the organisms of the R type 
was less than that of the organisms of the S 
type and the reverse was true when the op- 
sonizing sera were from tuberculous indi- 
viduals. Summary: The response of the 
peritoneal exudate depends primarily upon 
the allergic state of the animal. The differ- 
ences in such response lie in the quantitative 
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relationship of the various cell types involved 
as well as in the rapidity of the sequence of 
these reactions. The appearance of the 
polymorphonuclear leucocytes is not merely 
mechanistic in nature. They do not collect 
at the site of the tuberculous process solely 
because tissue has been injured, but this 
type of cell has in tuberculosis as definite a 
function to perform as in any purely pyogenic 
disease. From the data presented the func- 
tion seems associated with the destruction of, 
or the inhibition of the growth of, tubercle 
bacilli, certainly of the less virulent forms. 
The reactivity of the tuberculous animal to 
the less virulent forms of tubercle bacilli 
seems to be increased, while the reactivity to 
the virulent form remains unchanged.— 
Some Cellular Reactions and Immunity in 
Tuberculosis, M. B. Sherwood, J. Immunol., 
December, 1929, xvii, 481.—(J. S. W.) 


Hilar Reactions and Pulmonary Tu- 
berculosis.—Infection by the tubercle 
bacillus, whatever the portal of entry, always 
results in the tuberculization of the tracheo- 
bronchial lymph nodes. Adolescent or adult 
pulmonary tuberculosis is of hilar origin 
and is first manifested by a tuberculous hilar 
or perihilar inflammation. Following the 
tuberculous tracheobronchial periadenitis, 
retrograde subpleural or perivascular lym- 
phatic extension occurs. The involvement 
of the lymphatic system gives rise to tuber- 
culous lesions of the pleura, intraparenchy- 
matous tuberculous lymphoid deposits and 
alveolar or bronchial tubercles. The local- 
ization of pulmonary tuberculosis in the 
apices is purely a clinical finding and merely 
indicates the period when auscultatory signs 
are present. Anatomically, pulmonary tu- 
berculosis arises at the hilum and its spread 
begins at this point.—Les réactions hilaires 
commes point de départ de la tuberculose pul- 
monaire, J. Caussimon, Prog. Méd., January 
19, 1929, no. 3, 101.—(U. E. Z.) 


Paralytic Disease in Guinea Pigs Due 
to Tubercle Bacillus.—In a series of 
tuberculous guinea pigs this disease-complex 
made its appearance abruptly when the 
animals had been injected two months, and 
after new cases had developed for a period of 
about ten days it disappeared equally as 
abruptly. The most obvious possibility was 
that it was a tuberculous meningitis, as the 
symptoms bore a close resemblance to those 
of experimental tuberculous meningitis in 
rabbits and dogs. To rule out the possibil- 
ity of superimposed infectious disease of the 
central nervous system not due to tubercle 
bacilli the disease was maintained for study 
by serial passage in guinea pigs. This was 
accomplished by the intracerebral injection of 
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emulsions of brain from animals showing 
the paralyses. Three possibilities besides 
tuberculosis had to be considered: (1) infec- 
tion with the filterable virus causing Roe- 
mer’s guinea pig paralysis; (2) infection 
with a low-grade herpes virus since the cul- 
ture of tubercle bacilli used in the experiment 
had been recently isolated from human 
sputum; and (3) infection with some visible 
organism other than the tubercle bacillus. 
The general plan followed was to remove the 
brain under aseptic precautions from a 
paralyzed guinea pig and to inject 0.1 cc. of 
a 10 per cent emulsion of the brain into a 
trephined normal animal. The disease was 
maintained in this way through 9 successive 
groups of guinea pigs and the clinical picture 
remained in all essential details the same 
throughout. The incubation period varied 
from 8 to 27 days, shortening at each succes- 
sive passage, but remarkably constant for the 
animals of each group. The first symptoms 
of the disease noticed were a listlessness, 
a roughened fur and some faulty coérdina- 
tion. The last soon became marked and was 
most noticeable in the hind-quarters. Other 
symptoms referable to the central nervous 
system that were frequently present were 
hyperaesthesia, a tendency to move in circles, 
marked tremor of the head, and a tendency 
to torticollis. These were followed very 
soon by a definite posterior paralysis, spastic 
at first but later flaccid. Except for the day 
of inoculation, the animal appeared bright 
and alert even when there was complete 
posterior paralysis. Asa rule, after three to 
four days of paralysis, the animal suddenly 
became worse, and usually death ensued in 
twenty-four hours. No animal in the series 
that was inoculated with a fresh brain emul- 
sion from either a “spontaneous” or an ex- 
perimental case was immune to infection. 
In animals in which the condition had been 
induced by intracerebral injection of brain 
emulsion from a previous case a few macro- 
scopic changes were consistently found at 
autopsy. On opening the calvarium an ex- 
cess of cerebrospinal fluid was always en- 
countered. This was usually slightly tur- 
bid. Nothing abnormal was evident in the 
brain itself and rarely the meninges were ad- 
herent. There were no gross lesions in the 
cord. Outside the central nervous system 
the spleen was the only organ affected. 
This was usually somewhat enlarged and 
studded with hyperplastic follicles. Micro- 
scopic examination of brain sections showed 
a great abundance of acid-fast bacilli in the 
thickened pia mater but none elsewhere. 
The condition was found to be a true men- 
ingitis, with some extension into the enceph- 
alon, but only along the line of the larger 
blood-vessels. The exudate consisted chiefly 
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of large mononuclear cells. Necroses were 
lacking and giant cells and definite tubercle 
formation were not seen. In the first of the 
brain emulsions tubercle bacilli could easily 
be demonstrated by the Gabbet method but 
in material from later passages this was no 
longer possible. Cultures of the brain emul- 
sion on Dorset’s egg medium regularly 
yielded typical tubercle bacilli. Cultures in 
a modified Noguchi leptospira medium 
showed a pleomorphic gram-negative bacillus 
in the upper growth. This was non-acid- 
fast by the ordinary Ziehl-Neelsen technique, 
but when decolorized after the method of 
Gabbet showed some acid-fast forms. The 
granular sediment (lower growth) was en- 
tirely non-acid-fast. After three passages 
on this medium guinea pigs were inoculated 
intracerebrally, some with the upper and 
others with the lower growth from one of 
these cultures. All developed the typical 
posterior paralysis with its accompanying 
symptoms. Animals inoculated subcutane- 
ously with the upper portion of the culture 
shortly developed discharging nodes at the 
site of the inoculation and in the caseous 
material occurred organisms similar to those 
grown in the Noguchi media. Autopsy of 
these animals two months later revealed the 
presence of lesions typically encountered in 
guinea-pig tuberculosis. The Noguchi- 
medium organism was obviously a tubercle 
bacillus despite its atypical staining reac- 
tions. Two rabbits were inoculated with 
brain emulsion to determine whether the 
authors were dealing with a mild form of 
herpes encephalitis, or with Roemer’s virus, 
which is described as specific for guinea pigs. 
The animals developed paralytic symptoms 
similar to those encountered in the guinea 
pigs. There was nothing in their disease 
to suggest herpes encephalitis. Brain emul- 
sions from these animals injected intracere- 
brally produced the disease in a second series 
of rabbits. Five Berkefeld-N filtrates of 
brain emulsions from experimentally infected 
guinea pigs failed to produce the disease 
when injected intracerebrally into 16 guinea 
pigsand 1 rabbit. Summary: The data pre- 
sented above indicate the condition to be a 
true tuberculous meningitis produced by a 
strain of tubercle bacilli, possessing certain 
atypical staining properties when grown in 
a modified Noguchi medium. The organ- 
ism failed to pass a Berkefeld filter—A 
Paralytic Disease of Guinea Pigs due to the 
Tubercle Bacillus, R. E. Shope and P. A. 
Lewis, J. Exper. Med., September 1, 1929, l, 
365.—(J. S. W.) 


Cultural and Staining Reactions of 
Paralysis-Producing Bacillus.—The strain 
of tubercle bacillus producing paralysis in 
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guinea pigs was isolated from the sputum of 
a colored adult with chronic pulmonary 
tuberculosis. The sputum showed many 
acid-fast bacilli by the Gabbet method. It 
was inoculated into guinea pigs, and cultures 
on Dorset’s egg medium were made from the 
spleens of several of these animals. A sub- 
culture of this medium was used for inocu- 
lating the series of animals referred to in the 
preceding paper. The culture in question 
was apparently of the human type and was 
acid-fast, except that after decolorization by 
30 per cent nitric acid, followed by alcohol, 
counterstaining with Loeffler’s methylene 
blue showed a few blue-staining rods. When 
cases of paralysis appeared in the series of 
guinea pigs inoculated with this strain, a 
series of transfers was done from animal to 
animal by direct intracerebral inoculation 
of brain emulsion, as previously described. 
In the first emulsions made, bacilli were 
easily demonstrated by the Gabbet method, 
but in material used for later passages this 
was no longer possible. Paraffin sections 
showed an abundance of acid-fast bacilli in 
the pia mater of the affected brains, but 
none elsewhere. Cultures of the brain emul- 
sions on Dorset’s egg and other media usually 
resulted in a typical growth of tubercle 
bacilli. The cultures of special interest, 
however, were made on a modified Noguchi 
leptospira medium. Ordinary nutrient dex- 
trose-agar was diluted 1 + 8 with distilled 
water, boiled, cooled to 50°C., and 10 per 
cent of sterile guinea-pig serum was added. 
After thorough mixing the medium was 
immediately tubed in long narrow culture- 
tubes (200 x 13 mm.). Portions of the cere- 
bral emulsions were planted on these tubes, 
using a long capillary pipette in such a way 
as to form a thin streak from the bottom of 
the tube to the top along one side near the 
glass, with a small extra deposit on the upper 
surface of the semisolid medium. These 
plants were incubated at 37.5°C. in a moist 
thermostat for several months. The major- 
ity of the tubes showed the gradual develop- 
ment of a faint cloud in the upper 10 mm. 
of the medium. This. eventually became 
coarsely granular. It could be transferred 
to other tubes and developed the same 
appearance. Exceptional tubes showed a 
faint haze toward the bottom with a clear 
intermediate zone. Smears of the growth 
when fixed with methyl alcohol and stained 
with Loeffler’s methylene blue, using heat 
to the point of steaming, showed rather 
definite, faintly staining, thin, small bacilli. 
These bacilli were always gram-negative. 
When the culture material was introduced 
subcutaneously into guinea pigs, lesions of 
the lymph nodes were produced, and autopsy 
of the animals two months later showed the 
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presence of lesions typical of guinea-pig 
tuberculosis. This made it evident that the 
organism grown in the Noguchi medium was 
a tubercle bacillus. Further study of the 
staining qualities of the bacilli grown on the 
semisolid medium revealed the following 
points: If the heat-fixed preparations were 
stained with carbol-fuchsin in the usual 
manner and decolorized by acid and alcohol 
separately it was found that 30 per cent 
nitric acid and 20 per cent sulphuric acid 
decolorized many but not all of the bacilli. 
The slightest application of alcohol, how- 
ever, after these strengths of mineral acid 
removed all the stain. Even though much 
weaker mineral acids were used—5 per cent 
sulphuric, 3 per cent of either nitric or hydro- 
chloric—alcohol later removed all the stain. 
If the gram stain was employed according to 
the general plan of the Much method, with 
some modifications the bacilli retained the 
stain. The essential feature of this method 
is that the gentian violet is phenolized (2 per 
cent) and the stain when applied is heated. 
The iodin treatment is also prolonged and 
decolorization is done with equal parts of 
acetone and absolute alcohol. Under these 
conditions all of the bacilli retain the gram 
stain. It has become a dogma in America 
that if a bacterium, after staining with car- 
bol-fuchsin, will not withstand decoloriza- 
tion by 30 per cent nitric acid, followed by 
alcohol, it is not a tubercle bacillus. In 
Germany a bacterium to qualify as a tubercle 
bacillus must resist decolorization with 3 
per cent hydrochloric acid in 70 per cent 
alcohol. The culture meets other classical 
requirements to the extent that it produces 
disease of the characteristic sort in animals, 
that the bacilli in fixed tissues resist decolor- 
ization, and that the cultures on Dorset’s 
egg medium present typical characteristics. 
We are concerned with a bacterium which is 
moderately acid-fast, not alcohol-fast at all, 
and in which the particular method of fixa- 
tion influences the result in ways not pre- 
viously recognized. From the above it is 
concluded that Much, and those who have 
followed him, are right in their contention 
that the tubercle bacillus may at times be 

positive to gram stain and demonstrable by 

means of it, yet negative to the Ziehl-Neel- 

sen method rigidly applied. —The Cvitural 

and Staining Reactions of a Strain of the 

Tubercle Bacillus Producing Paralysis in 

Guinea Pigs, P. A. Lewis and R. E. Shope, 

J. Exper. Med., September 1, 1929, 1, 371.— 

(J. S. W.) 


Fate of Tubercle Bacilliin Reinfected 
Rabbits.—In a previous study cultural 
methods were used to determine the fate of 
both human and bovine tubercle bacilliin the 
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organs of intravenously infected normal 
rabbits. In general it was shown that both 
types of bacilli at first multiply in all the 
organs, the human more wm than the 
bovine. Later the faster-growing human 
bacilli are more or less destroyed whereas the 
bovine bacilli, although ultimately destroyed 
in the liver, spleen and bone marrow, con- 
tinue to grow in the lung and kidney without 
effective opposition until the death of the 
animal. Thus it would appear that as a 
result of the growth of both types of bacilli 
in the rabbit some change which destroys 
the bacilli takes place in the body. One 
would expect that after such a change has 
once been brought about the introduction of 
fresh tubercle bacilli from without would be 
followed by immediate destruction without 
any preliminary growth. To test this hypoth- 
esis, and to ascertain the fate of tubercle 
bacilli in the organs of reinfected rabbits, the 
following experiments were performed: A 
series of rabbits was inoculated intravenously 
with 0.001 mgm. of a human strain of 
tubercle bacilli per kg. of body weight. Six 
months later these rabbits were given intra- 
venously a reinfecting dose of 0.01 mgm. of 
the same strain of human tubercle bacilli. 
Another series of rabbits was similarly in- 
fected with the human strain and reinfected 
with a bovine strain in the same quantities 
and by the same route. At the same time 
two series of normal rabbits were injected 
intravenously with 0.01 mgm. of the same 
strains used for reinfection, one with the 
human and the other with the bovine bacilli. 
At intervals of one day, one, two, four and 
six weeks and two months, equal amounts by 
weight of suspension of ground lung, liver, 
spleen, kidney and bone-marrow in varying 
dilutions were seeded on Dorset’s and Pe- 
troff’s media both directly and after sodium- 
hydroxide treatment. The number of colo- 
nies of tubercle bacilli appearing on each tube 
was repeatedly determined, the final readings 
being made after three months’ incubation. 
The findings are reported for each organ in 
the form of tables in which the number of 
colonies both for the infected and the rein- 
fected are arranged side by side for compari- 
son. The general pathological findings for 
each animal are also noted. Results: J: In 
the presence of a certain amount of residual 
primary lesions, human or bovine tubercle 
bacilli of reinfection were destroyed in all 
the organs of rabbits without any preliminary 
multiplication. This destruction was not 
quite complete; a few organisms persisted 
even two months after infection. 2: No 
macroscopic tuberculous lesions due to rein- 
fection developed in these rabbits. 3: With 
practical disappearance of the primary lesions 
and their enclosed organisms, restricted 
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multiplication of the bovine bacillus of rein- 
fection took place but not the extensive 
growth of the virus observed in rabbits after 
a primary infection. 4: In these rabbits 
slight tuberculous lesions developed as com- 
pared with the massive tuberculosis of 
primarily infected rabbits. 5: The human 
tubercle bacillus of reinfection did not multi- 
ply at all, nor did it cause any lesions, even 
when the lesions of the primary infection 
had almost disappeared. 6: Although the 
rabbit destroys efficiently considerable quan- 
tities of bovine tubercle bacilli of reinfection 
introduced from without it may harbor in- 
numerable human bacilli in the residual 
primary lesions of the lung and kidney.— 
*The Fate of Tubercle Bacilli in the Organs 
of Reinfected Rabbits, M. B. Lurie, J. Exper. 
Med., December 1, 1929, 1, 747.—(J. S. W.) 


Tubercle Bacilli in Faeces.—Unless 
tubercle bacilli are found, a positive diag- 
nosis of tuberculosis cannot be made. In 
patients with sputum negative for tubercle 
bacilli, examination of the blood for their 
presence is often of no avail. Some observ- 
ers have found tubercle bacilli in the faeces 
of all patients presenting a positive sputum. 
In patients whose pulmonary lesions have 
undergone retrograde changes and who no 
longer cough or expectorate, examination of 
the faeces offers another means of verifying 
the quiescence of the lesion. This method is 
of greatest value in small children and infants 
who cannot expectorate. It is also of value 
in patients who will not cough for legal or 
other reasons.—Importanza della ricerca del 
bacillo di Koch nelle fect, M. Mazzucato, 
xviii, April 1928, 135.—(U. 
EB. Z. 


Tuberculin Type of Sensitization with 
Egg-White.—In certain previous studies 
the author has shown that guinea pigs in- 
fected with tuberculosis and treated with 
various protein substances (egg-white, horse- 
serum, timothy pollen, etc.) develop a skin 
sensitiveness similar to the tuberculin sensi- 
tiveness. In the present paper several 
methods are described for producing a tuber- 
culin type of sensitiveness with egg-white in 
tuberculous guinea pigs. The different 
methods have this in common, that an ex- 
tensive local lesion is produced, usually with 
pronounced inflammatory reaction, and the 
egg-white is introduced into thelesions. The 
injection of killed tubercle bacilli into the 
tuberculous lesions previous to the egg-white 
sensitizing injection is a favorite method. 
The guinea pigs are infected in both groins 
with moderate amounts of virulent tubercle 
bacilli. When the local lesions begin to 
swell these are injected twice with killed 
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tubercle bacilliin saline suspension. In this 
way a very hard swelling is obtained, with 
more or less inflammatory reaction in the 
surrounding tissues. Three or four days 
later 0.1 cc. of a 1:50 egg-white dilution, 
containing 0.5 mgm. of killed tubercle bacilli, 
is injected first in one lesion and the next 
day in the other. The results were no better 
with living than with killed bacteria. The 
subcutaneous injection of the egg-white did 
not sensitize. When using an avirulent 
strain of tubercle bacilli (R1) the guinea pigs 
are injected twice in the groins with a rather 
heavy emulsion. When a hard swelling 
appears this is injected with 0.1 cc. of a 1:50 
dilution of egg-white without the addition of 
killed tubercle bacilli. 
treated will even give the tuberculin type of 
sensitiveness when the egg-white is injected 
intravenously. When it is necessary to use 
killed tubercle bacilli for the preparation of 
the animals, this may be done by first in- 
jecting the dead bacteria intraperitoneally 
and a few days later the same dose of bac- 
teria with the addition of a small dose of egg- 
white, or with a large dose of coagulated and 
finely ground egg-white. In guinea pigs 
treated in this way the omentum is trans- 
formed to a large tumor, adherent to the 
peritoneum and intestines and containing 
tissue similar to a true tuberculosis lesion. 
The killed-tubercle-bacillus emulsion, used 


for injecting the ground nodes, is prepared 
by immersing thin tubes of the emulsion in 


boiling water for two minutes. To inject 
egg-white into the lesion a small hole is cut 
through the skin with a pointed knife. This 
has the advantage that it is possible to see 
that the injection is made into the lesion, and 
if some of the injected fluid comes back, it 
can be wiped off and does not diffuse into the 
subcutaneous tissue. White guinea pigs, 
preferably males, weighing at least 450 gm., 
and usually more than 500 gm., were used.— 
The Technic of Producing the Tuberculin 
Type of Sensitization with Egg White in 
Tuberculous Guinea Pigs, L. Dienes, J. 
Immunol., December, 1929, xvii, 531.— 
(J. S. W.) 


Anaphylaxis with Carbohydrate Anti- 
gen of Tubercle Bacillus.—In 1927, Tom- 
csik, working with the carbohydrate (the so 
called specific soluble substance or partial 
antigen) of B. lactis aerogenes, showed that 
guinea pigs passively sensitized with homol- 
ogous antiserum died acutely when injected 
with the specific soluble substance. These 
observations were extended by Tomcsik and 
Kurotchkin to include the carbohydrate 
obtained from the pneumobacillus and yeast. 
In 1929 Avery and Tillet produced with the 
specific carbohydrate of the pneumococcus 


The guinea pigs thus - 
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anaphylactic shock in guinea pigs treated 
with antipneumococcus rabbit sera corre- 
sponding to types I, II and III. The type 
specificity of the carbohydrate held rigidly 
in its anaphylactic réle. It thus appears 
probable that in every case, in which a 
specific carbohydrate can be obtained from 
a complete antigen complex capable of pro- 
ducing antibodies in vivo, anaphylactic shock 
can be elicited under suitable conditions by 
means of the partial antigen. The experi- 
ments reported in the present paper were de- 
signed to confirm this hypothesis with regard 
to the carbohydrate of the tubercle bacillus. 
The specific carbohydrate used in this work 
was derived according to the process of 
Mueller from O. T. produced by a human 
strain (H37 Saranac) grown on a synthetic 
medium. It does not give a skin test in 
tuberculous animals or animals rendered 
hypersensitive to tuberculin by injection of 
killed tubercle bacilli. It gives a ring test 
with the homologous antiserum in a dilution 
of 1:2,000,000. Two milligrams of this 
substance invariably produced anaphylactic 
shock, often lethal, in guinea pigs passively 
sensitized with serum from rabbits treated 
with dead tubercle bacilli. The same shock- 
ing dose of the carbohydrate substance also 
produced acute lethal shock in guinea pigs 
actively sensitized with heat-killed tubercle 
bacilli. The uteri of guinea pigs, both 
actively and passively sensitized, gave typi- 
cal reactions when the carbohydrate sub- 
stance was added to the bath. The highest 
dilution employed gave a reaction in 
1:100,000. Simultaneously with the deter- 
mination of these facts it was possible to 
observe the effect of anaphylactic desensiti- 
zation on the allergic reaction in those 
animals which suffered acute sublethal 
shock. By injections of 0.1 cc. of 10 per cent 
O. T. intracutaneously, before and after the 
shocking dose was given, any diminution of 
the skin lesion could be nicely perceived. 
The acute shock was found not to influence 
the intensity of the cutaneous response as 
indicated by the subsequent test with O. T. 
None of the guinea pigs passively sensitized 
with antituberculosis rabbit serum showed 
a positive skin test when tested with O. T. 
This is an indication that the anaphylactic 
mechanism is totally distinct from the phe- 
nomenon of skin allergy. The question 
naturally arises whether the instances of fatal 
shock reported were caused by the specific 
carbohydrate itself or a protein impurity, 
and whether actual anaphylactic shock had 
been produced according to the criteria of 
Wells. Since the specific polysaccharide 
contains 0.3 per cent nitrogen, it would seem 
theoretically impossible to exclude the par- 
ticipation of a protein in the reaction, but 
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this is exceedingly unlikely if we consider the 
small amount of protein represented by the 
lethal dose of 2 mgm. of carbohydrate. If 
all the nitrogen present be taken as included 
in protein, the latter would weigh about 
0.0375 mgm. According to Wells, the mini- 
mal lethal dose of purified protein is about 
one-twentieth or one-tenth of a milligram. 
The process of purification, however, as well 
as the failure to obtain any qualitative tests 
for protein make it highly improbable that 
the nitrogen present represents a whole pro- 
tein or even any of its higher derivatives. It 
seems reasonably certain that the substance 
responsible for acute death is of the nature 
of a carbohydrate. All but one of Wells’s 
criteria for true anaphylaxis have been met 
in these experiments. The criterion that 
passive transfer of sensitization be possible 
was done only with rabbit serum, not with 
the homologous serum of the sensitized 
animal. Nevertheless it seems fairly assured 
that true anaphylaxis can be produced by 
the specific carbohydrate of the tubercle 
bacillus.—Anaphylactic Shock with the Par- 
tial Antigen of the Tubercle Bacillus, J. T. 
Enders, J. Exper. Med., December 1, 1929, 
1, 777.—(J. S. W.) 


Sensitiveness of Guinea Pigs to Tuber- 
eulin.—In a previous paper it was demon- 
strated that young guinea pigs infected with 
tubercle bacilli show slight if any skin reac- 
tion to a watery extract of tubercle bacilli. 
In the following experiments the toxicity of 
Old Tuberculin for young tuberculous guinea 
pigs was determined. One or two days after 
birth 27 guinea pigs were infected subcutane- 
ously with 1 mgm. of virulent human tubercle 
bacilli. From twenty-five to thirty-one days 
later they were injected intraperitoneally 
with 0.3, 0.6 or 1.22 cc. of a 1:5 dilution of 
Old Tuberculin. The intracutaneous test 
was given to 15 guinea pigs with 0.1 cc. of 
tuberculin diluted 1:10. Similar experi- 
ments were made on 28 adult guinea pigs 
weighing from 400 to 450 gm. Of these 12 
were givenintracutaneoustests. The results 
showed that young tuberculous guinea pigs 
are sensitive to the toxic action of tuberculin 
and that the lethal dose is smaller (5 cc. of a 
1:5 dilution, in comparison with 22 cc.). Of 
the 15 young tuberculous guinea pigs 9 did 
not react to the intracutaneous test; 4 reacted 
with slight swelling that disappeared in two 
days; 2 reacted with redness, swelling and 
oedema. All 12 of the adult guinea pigs 
reacted to tuberculin. The observed lack of 
sensitiveness of the skin of young infants to 
irritants, the work of Valtis, and the experi- 
ments reported here suggest that the mecha- 
nism of sensitiveness to tuberculin is com- 
pletely developed in young guinea pigs, and 
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that the dermal reaction is obscured by some 
physiological and anatomical condition of 
the skin in the young animal. But this 
conclusion cannot be drawn because it cannot 
be said positively, even of adult guinea pigs, 
that the same mechanism is operative in the 
systemic and in the skin reactions.—The 
Sensitiveness of Tuberculous Guinea Pigs 
One Month Old to the Toxicity of Tuberculin. 
J. Freund, J. Immunol., November, 1929, xvii, 
465.—(F. G. P.) 


Tuberculin Allergy and Antitubercu- 
losis Immunity.—In 1903 Pirquet gave the 
term allergy to the phenomena of altered 
reaction of the tuberculous to tuberculin and 
of the anaphylactic to serum. This was the 
first of a series of studies which resulted in 
the skin reaction. To give a positive reac- 
tion it is not necessary to have a clinical 
lesion, as a mere infection is sufficient. On 
the other hand, a nonreactor or a patient in a 
state of anergy is not necessarily free from 
a bacillary lesion. Some animals, such as 
different species of monkeys, are only slightly 
sensitive to tuberculin locally when they are 
infected with tuberculosis. At times young 
guinea pigs and young children may not 
react, so that it is evident that a subject can 
be infected by tubercle bacilli (or even be a 
carrier of a latent tuberculous lesion or on 
the way to curing a lesion) without present- 
ing the least tuberculin allergy. Antituber- 
culosis immunity has very particular char- 
acteristics. It is followed by a mixed state 
of hypersensitiveness or allergy, toward the 
specific proteins produced by this germ and 
an intolerance to reinfection. This intoler- 
ance to reinfection is what determines the 
“phenomenon of Koch” and is antitubercu- 
losis immunity. This immunity may be 
established long before the appearance of 
tuberculin allergy or it may disappear long 
after the latter has ceased to exist. Conse- 
quently, antituberculosis immunity and 
tuberculin allergy are two states, distinct 
and independent, of the organisms infected 
by the bacillus of Koch or vaccinated by the 
BCG. Immunity may be present without 
allergy. The experimental and clinical proofs 
for this statement are cited. During the first 
days of life the intestinal epithelial cells 
are entirely protoplasmic. Mucus does not 
appear in them until the end of the tenth to 
fifteenth day. That is why the permeability 
of the intestinal wall is so great for microbes 
and albuminoid substances (toxins or anti- 
toxins), and this fact forms the basis for the 
prophylactic inoculation of BCG by mouth 
during the first days of life. It produces an 
immunity but there may be no allergy. The 
absence of tuberculin reactions has led many 
pediatricians to question this immunity. To 
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prove the presence of the latter the reduced 
mortality from tuberculosis in 150,000 vaccin- 
ated children in France alone is cited. Also 
the autopsies, carefully performed, with ex- 
perimental control, on more than 200 chil- 
dren who, after being vaccinated with BCG 
routinely, have later died of diverse condi- 
tions, have shown not only total absence of 
suspicious tuberculous lesions, but also the 
appearance of acid-fast bacilli in the lymph 
nodes. These bacilli have been identified as 
BCG, and they have been shown to be de- 
prived of all virulence for guinea pigs. It is 
probable that if vaccinated children were 
skin-tested every month or every two months, 
preferably by the intracutaneous method, 
most of them would give a positive reaction 
at a given time. This reaction may be only 
transitory. Infection by virulent bacilli 
results in true tubercle formation with case- 
ous centres, whereas with BCG it does not 
pass the stage of giant cells, or granulation 
grise, which may be indispensable for the 
production of tuberculin allergy. BCG given 
in large single doses into a lymph node or 
hypodermically, creates immediately a follicu- 
lar lesion, provokes the formation of giant 
cells (which are absorbed and disappear 
later), and soon causes to appear, at the same 
time as the products of cellular reaction 
(mixed cellulobacillary proteins and anti- 
bodies), tuberculin allergy. While anti- 
tuberculosis immunity may exist with allergy 
it is true that the only evidence of bacillary 
infection is the presence of allergy. Because 
of this, it is desirable to have patients allergic, 
and therefore Calmette proposes to examine 
at the end of the first, fifth, seventh, fifteenth 
and twentieth years those patients who were 
given BCG by mouth. If the tuberculin 
skin reaction is not present at these times, 
he proposes to revive it or produce it by the 
subcutaneous injection of 20 mgm. of BCG. 
This small dose is tolerated without the least 
danger or reaction and it is sufficient to pro- 
voke or reproduce tuberculin allergy and will 
therefore indicate the presence of tuberculin 
immunity. This work is, of course, still in 
the experimental stage, and only time can 
positively affirm or deny it.—Allergie 
tuberculinique et immunite anti-tuberculeuse, 
A. Calmetie, Ann. d. Méd., April, 1929, xxv, 
293.—(B. T. McM). 


Cholesterol Agglutination Reaction in 
Tuberculosis.—Serum reactions have been 
used to a varying extent in the diagnosis of 
tuberculosis for more than thirty years. 
Complement fixation was used to a moderate 
extent some ten years ago and modifications 
of the technique are still being worked with, 
especially those of Besredka, Wassermann, 
Stimson and Wadsworth. However its 
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reliability has yet to be demonstrated by 
experience. Precipitin reactions have been 
described as far back as 1904, but the only 
approach to a practical application is, or 
may be, that of Doan, who used a lipoid 
extract. Agglutination of tubercle bacilli by 
specific antisera was first recorded by Arloing 
in 1898, later by Koch in 1901. No satis- 
factory clinical method has resulted. The 
Vernes resorcin reaction is nonspecific in 
character and positives occur with other 
diseases than tuberculosis; hence, though 
considerably used in France, its value relates 
rather to “activity” determination. About 
two years ago Hinton, while working with 
bacterial lipoids in syphilis, observed that 
the serum of tuberculous patients agglutin- 
ated particles of cholesterol suspended in a 
mixture of glycerol, hypertonic salt solution 
and the alcoholic extract .of ether-insoluble 
residue of an unknown strain of dried tuber- 
cle bacilli, while the serum of nontuberculous 
individuals did not. On the basis of this 
observation he obtained three strains of 
tubercle bacilli, H37, R1 and BCG, from the 
Trudeau Sanatorium, the Metropolitan Life 
Insurance Company Sanatorium, the Patho- 
logical Department of the University of 
Chicago, and the Biological Laboratories of 
H. K. Mulford Company. These were 
grown on two synthetic liquid media, that 
of Sauton and of Long. After about two 
months’ growth the media were filtered off, 
the bacilli washed with distilled water, and 
placed, moist, in an incubator at 56°C. for 
several days. They were then kept in glass- 
stoppered bottles about four months and then 
treated by the method of Neymann and 
Gager for preparing Wassermann antigens. 
This consists in separate ether extraction (8 
volumes ether to 1 part by weight of bacilli) 
four times, with shaking for 10 minutes dur- 
ing each. Finally the ether-insoluble residue 
was extracted with 95 per cent alcohol, 5 
volumes. This lasted for 3 days, with occa- 
sional vigorous shaking, at room temperature. 
After trying various proportions experi- 
mentally the proportion of one part of the 
alcoholic extract of the ether-insoluble residue 


to nine of a 0.7 per cent alcoholic solution of 
cholesterol was selected as giving the best 
results. One part of this mixture was added 
to two of a 5 per cent aqueous sodium chlo- 
ride solution and shaken vigorously. Twelve 
more parts of the latter were then added and 


the whole shaken. Finally 15 parts of 50 
per cent neutral redistilled glycerine were 
added and the whole quickly shaken. This 
mixture is referred to as a glycerinated in- 
dicator, of which only enough is prepared for 
each day’s experiments. Technique of 
Test: Into 3 agglutination tubes are pipetted 
0.1, 0.3, and 0.5 cc. of serum. (These tubes 
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are 10 mm. in diameter and 100 mm. in 
length.) To each is added 0.5 cc. of the 
glycerinated indicator described. They are 
then well shaken in the rack, incubated over- 
night at 37°C., and the results noted. Sera 
from nontuberculous individuals produce no 
change or at most a slight scummy meniscus. 
Sera from known tuberculous individuals 
produce a definite agglutination of the 
cholesterol particles into clumps, with clear- 
ing of the fluid. In weaker reactions the 
clearing and clumping are less marked. At 
times tuberculous sera react differently with 
extracts from the three strains. Results: 
Out of 18 sputum-positive cases at the Bos- 
ton Tuberculosis Sanatorium the agglutina- 
tion reaction was positive in 16 and doubtful 
in 2. Out of 107 presumably nontuberculous 
cases at the Boston Lying-In Hospital, 2 
showed a positive agglutination. In one of 
these tuberculosis had previously been sus- 
pected and in any event 2 per cent is not 
altogether unexpected among presumably 
nontuberculous individuals. Summary and 
Conclusions: An accurate diagnosis of so 
called clinical tuberculosis requiring treat- 
ment is often extremely difficult. The avail- 
ability of any laboratory method must 
ultimately rest on a careful clinical investiga- 
tion which requires organized codperation 
and this is difficult to effect. However, such 
an investigation is about to begin at one of 
the better organized Boston Hospitals. So 
far as known the method here described and 
used is quite novel.—Cholesterol Agglutina- 
tion Reaction in Tuberculosis, W. A. Hinton 
and G. O. Stuart, New England J. M., Feb- 
ruary 13, 1930, ccti, 327.—(A. P.) 


Calcium Exchange in Pulmonary 
Tuberculosis.—Of all mineral elements cal- 
cium has undergone the most investigation 
in tuberculosis and is still the subject of 
ardent polemics and numerous publications. 
The entire subject is here reviewed in a 
general way. 1: Decalcification: Recent in- 
vestigations carried out with scientific pre- 
cision have modified previously accepted 
ideas on calcium exchange. Marcel Labbé 
last year devoted one of his pathological 
lectures to the réle of calcium in tubercu- 
losis and some of his passages are cited, 
especially his statement that “the dogma of 
decalcification, which has been accepted and 
ruled tuberculosis therapeusis for many 
years is to-day upset.” He goes on to say 
that Boyer in 1869 mentioned decalcification 
of the lung in phthisis, but it is chiefly to 
Ferrier that latterly accepted theories are 
due. He did not bother to study the cal- 
cium balance; instead he simply placed the 


patients in a bath and noted how easily their - 


bodies floated. Ferrier’s other arguments 
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had to do with the relation between dental 
caries and bony demineralization, the cal- 
cium reserve, and the distribution of tuber- 
culosis as compared with the calcium content 
of the water. Most French authors contend 
that decalcification begins in the early stages 
of tuberculosis and disappears in advanced 
cases. They determine it simply by esti- 
mation of the degree of calcuria (Senator, 
Stokavis, Arloing, Dumarest, and others). 
Robin gives the normal urinary calcium as 
0.281 gm. per day. Criticism and Analysis 
of the Foregoing: In the first place, to con- 
sider only the degree of calcuria is very mis- 
leading. This has been shown to vary from 
0.16 to 0.69 gm. even on an identical regi- 
men. In fact most of the calcium is ordi- 
narily excretedin thefaeces. Theonly really 
scientific method of estimation is to deter- 
mine the calcium balance or relation between 
total intake and output. Lanfer and Le- 
matte have done this in tuberculosis patients 
at rest and on a measured ration. They 
found a negative balance in certain tubercu- 
losis patients in whom active disease caused 
wasting. In these a dose of 2 gm. calcium 
oxide per day was necessary to compensate 
for losses. Except for these conditions 
tuberculous persons behaved about normally 
and consumed daily about 1.5 gm. calcium 
oxide. Hence, they concluded that decalci- 
fication is not a specific characteristic of 
tuberculosis but is associated only with 
denutrition. Manoussakis even found posi- 
tive balances in a number of tuberculous 
persons. 2: Frequency of Dental Caries in 
the Tuberculous: Ferrier declared that dental 
decalcification went hand in hand with 
skeletal. Others have been unable to con- 
firm this and Villemin pointed out that in 
rachitic children dental lesions were rare. 
3: Are Tuberculous Tissues Decalcified? 
Barkus was unable to determine any loss or 
any increase as cure occurred and in guinea- 
pig experimental tuberculosis could not 
demonstrate any diminution of calcium. 
Maver and Wells even found an increase in 
animals necropsied. Other workers have 
shown that the calcium content of organs 
varies with the physiological state. 4: 
Blood Calcium of the Tuberculous: Here re- 
cent studies have given the coup de grace to 
old theories. Tuberculosis per se causes no 
lowering of blood calcium (Wells, Halver- 
son, Sweany and others). Haemoptoic 
patients with prolonged coagulation time 
showed slightly lower concentrations but the 
differences were slight. The normal varia- 


tions (P. Matz) are from 9.22 mgm. per 100 
cc. serum to 10.78 mgm. Sergent and Binet 
have found from 120 to 130 mgm. per litre 
even in cavity and bronchopneumonic cases. 
Howk and Medlar conclude that the tuber- 
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culous blood is not impoverished in calcium. 
Moreover, variations when they exist are 
dependent on cachexia or alimentary insuffi- 
ciency. Recalcification: Despite these ob- 
jections the dogma has been reiterated that 
the great curative principle in tuberculosis is 
recalcification. This is carried out (1) by 
administering calcium phosphate and other 
salts, and (2) by instituting a dietary reg- 
imen. Theonly demonstrable advantage of 
calcium medication is that it may act favor- 
ably on the stomach, which often in the 
tuberculous shows hyperchlorhydria. Denis 
and Minot have shown that oral administra- 
tion of calcium lactate does not increase the 
blood calcium while Maver and Wells have 
shown that a calcium-rich dietary will not 
increase tissue calcium. Furthermore, in 
the tuberculous, calcium chloride or lactate 
may even increase calcium loss, especially 
the chloride. The glycerophosphates and 
carbonates are not assimilated at all and 
even increase calcium loss (Manoussakis). 
Laufer has further shown that phosphorus 
and calcium have a certain optimum rela- 
tion, realized in the tuberculous when there 
is a slight excess of calcium, for instance, 
1.6 to 2 gm. If this is exceeded, there is a 
tendency to the formation of insoluble cal- 
cium phosphate, which is eliminated by the 
intestine,—therapeutic decalcification. Cal- 
cium therapy might be useful when there is 
insufficient alimentary calcium, as in Ger- 
many during the War, but metabolic dis- 
orders can not be combated, that is, the or- 
ganism cannot be madetofixcalcium. Wells 
has shown that superfluous quantities are 
rapidly precipitated in the tissues and that 
the blood is normally physiologically satur- 
ated. Fixation of Calcium: Sergent be- 
lieved that the addition of adrenalin would 
solve the problem, and Colin and Richard 
reported diminished calcuria under this 
regimen. However, these results have 
already been questioned by Bernard and 
Vitry, while Manoussakis showed that there 
was always a corresponding intestinal debit. 
He proposed parathyroid opotherapy to 
favor assimilation. Others have used solar 
light, ultraviolet radiation, lipo-soluble vita- 
mine A, but none of these methods is effec- 
tive. In rickets only the ultraviolet rays 
and codliver oil, containing vitamine A, pro- 
tected animals, and this condition differs 
essentially from tuberculosis. Calcification 
of Tubercles: This has been considered mani- 
fest proof of the defensive réle of calcium in 
“walling off bacilli.” However, these salts 
are only deposited in necrotic tissue (Maver, 
Wells, Caldwell). Nothing proves that cal- 
cium precedes and favors cicatrization of 
lesions and Watt is not even convinced that 
their progress is arrested. It is much more 
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probable that calcification follows rather 
than effects a cure. In bovine tuberculosis 
large quantities of calcium are deposited in 
and about progressive lesions (Kiiss, Piettre). 
Also, bony tissue offers no special resistance 
to tuberculous infection. Lime-Kiln Work- 
ers: Individuals who breathe lime dust all 
day possess a special resistance to tubercu- 
losis. Thisisincontestable. But its action, 
according to Wells, may well be a simple 
mechanical one, stimulating sclerosis. Cal- 
cium in Experimental Tuberculosis: Calcium 
salts do not inhibit the development of the 
tubercle bacillus; on the contrary, they often 
favor growth on culture media (Tanaka, 
Kindberg). Neither has any favorable 
effect been noted in tuberculous animals. 
Conclusions: If there is no decalcification, 
still the tuberculous need a little more lime 
than normal persons to maintain a favorable 
balance. Delore believes that calcium may 
stimulate phagocytosis and certain other 
favorable reactions. However, intensive 
calcium therapy, on the basis of the foregoing 
work, must be rejected as both useless and 
harmful. Nature furnishes abundant cal- 
cium, especially in water, milk, eggs and 
legumes. The best alimentary medium is 
milk, of which 0.5 litre per day, with legum- 
inous purées or eggs, suffices. Articles which 
tend to precipitate calcium in the form of 
oxalates,—rhubarb, sorrel, cocoa, endive,— 
should be avoided. If in the presence of 
food rich in calcium it is not assimilated, the 
organism is at fault physiologically. This is 
often the case in tuberculosis, especially 
when oxidation is impaired, with a resultant 
tendency to humoral acidity. In such cases 
Loeper administers phosphoric acid, which 
indirectly favors retention of calcium. The 
biphosphates and lactophosphates can also 
be used.—Les échanges calciques chez les 
tuberculeux pulmonaires, R. Monceaux, Rev. 
Belge d. 1. Tuberc., March-April, 1929, xx, 
49.—(A. P.) 


Bruit d’Airain.—This sound can be 
heard only when an air-containing cavity 
such as a pneumothorax, a pulmonary cavity, 
or, very rarely, a pneumopericardium is 
present. The term “coin sound” is mislead- 
ing, because the media of percussion do not 
influence the bruit d’airain, whose genesis is 
inherent within the cavity. The presence of 
the sign is diagnostic of an air-containing 
cavity, but conversely the absence of the 
sign does not exclude the presence ot such a 
cavity. The history of the development of 
the sign is summarized, and it is evident that 
opinions are not agreed as to the mechanism 
of its production. A study of 50 cases is 
reported. Of these 26 were males and 24 
were females. Pneumothorax was induced 


i 
t 
i 
4 
j 
} 


ABSTRACTS OF TUBERCULOSIS 


on the right in 28 cases, and on the left in 
22. There were 2 cases of simultaneous 
bilateral pneumothorax. The study covered 
a period of two years. Each case was ex- 
amined many times, in all stages of lung 
collapse, for the presence or absence of the 
bruit d’airain in relation to varying condi- 
tions, such as the development of pleural 
effusion, intrapleural tension, selective col- 
lapse, hydropneumothorax, mediastinal dis- 
placement, ballooning of the pleura, and 
changes in the walls of the pneumothorax 
cavity. At certain stages and under varying 
conditions in the same cases the sign was 
present at times and absent at other times. 
But, in the 50 cases, the sign was present at 
some stage over 28 pneumothoraces, and 
absent in all stages over the remaining 22. 
Of the 28 pneumothoraces exhibiting the 
sign, 23 developed pleural effusion, 3 gave a 
history or other evidence of fibrinous pleurisy, 
and 2 exhibited the sign only when there was 
evidence of mediastinal displacement or 
pieural ballooning. In 4 of the series the 
appearance of the sign where it had not been 
heard before was followed by the develop- 
ment of effusion. In the 24 pneumothoraces 
in which the sign was never found there was 
no incidence of pleurisy or effusion. The 
majority of these cases had good lung col- 
lapse, and in some the collapse was complete. 
In cases of hydropneumothorax the bruit 
d’airain was heard when the effusion was 
small or moderate, and became more intense 
as the effusion was absorbed. In each of the 
two cases of simultaneous bilateral artificial 
pneumothorax effusion developed on only one 
side and the bruit d’airain was heard only 
over that side subsequent to the development 
of the effusion. The amount of lung col- 
lapse was equal on both sides in the two cases. 
Intrapleural tension was not a factor which 
determined the occurrence of the bruit d’ 
airain, but with positive pressure it was 
usually more intense. The presence of 
pleural adhesions seemed to influence the 
occurrence of the sign only in so far as their 
presence rendered the patient more liable 
to the development of effusion or oblitera- 
tive pleurisy. The shape of the cavity was 
of minor importance, and its size or volume 
was of moderate importance in the production 
of thesign. A faint bruit d’airain could occa- 
sionally be heard in mediastinal displacement 
or pleural ballooning. All the metallic 
phenomena (bruit d’airain, amphoric breath- 
sounds, metallic vocal resonance, tinkling 
crepitations, and succession splash) were 
occasionally heard in the same case at the 
same time. In a dry pneumothorax with 
completely collapsed lung and hardened 
pleura the bruit d’airain was the only metallic 
phenomenon found. The sign was occasion- 
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ally localized, depending primarily upon the 
location of the air space. The main point 
of the thesis is that in all cases in which 
rigidity of the cavity-wall was present, the 
bruit d’airain was heard. The bruit d’airain 
is of value in determining the extent of 
mediastinal displacement and of pleural 
ballooning, and in estimating the location of 
the fluid level in a hydropneumothorax or 
pyopneumothorax.—Observations on the Bruit 
d’Airain (Coin Sound, Bell Sound), A. I. 
G. McLaughlin and A. J. Dix-Perkin, Lan- 
rx December 28, 1929, cexvit, 1351.—(R. M. 


Pseudocavity Syndrome.—The stetho- 
scopic findings of cavity, so accurately 
described by Laennec, were accepted by all 
the great clinicians of the nineteenth century, 
and not only the existence but also the ex- 
tent of excavation was estimated by his 
method. With the advent of radiology 
greater precision was given to the diagnosis 
of cavity, and it was also conclusively demon- 
strated that in some instances signs of cavity 
may be present without corroborative evi- 
dence on the X-ray. In such cases there 
was invariably pulmonary sclerosis with 
deviation of the trachea. Even before the 
use of X-ray there was mention of a pseudo- 
cavity syndrome. In 1838 Williams pointed 
out a type of tympany that should not be 
confused with that occurring over a cavity. 
Hanot stated that certain solid tumors in 
contact with the trachea can transmit sounds 
very like those heard over a cavity. Bertier 
found this syndrome in tuberculous pulmo- 
nary sclerosis, and said that the stethoscopic 
signs were produced in the bronchi and 
transmitted intensely by the scar tissue 
around it. A review of 300 cases by French 
writers disclosed the pseudocavity syndrome 
in ten. Palpation of the suprasternal notch 
was emphasized as a means of diagnosis. In 
three observations published by Besancon, 
Jacquelin and Morin the discordance between 
general and functional signs on one hand and 
local signs on the other was pointed out. In 
106 cases of tuberculosis de Martini noted 
tracheal deviation 38 times, with a predomi- 
nance to the right, presumably because of 
the greater richness of connective tissue at 
the right apex. Other instances of pseudo- 
cavity syndrome due to syphilitic pulmonary 
sclerosis, serofibrinous pleurisy, and con- 
traction of the right upper lobe from pul- 
monary lymphogranulomatosis are given. 
Tracheal deviation is part of the process of 
pleuropulmonary sclerosis accurately de- 
scribed by Laennec. The refinements of 
radiology scarcely alter his observation of 
the flattening of the chest, the retraction of 
the interspaces, the deviation of the verte- 


E 
i 
A 
4 


114 


bral column, and the elevation of the dia- 
phragm that occur in these cases. All such 
deformities have generally been attributed 
to retractile pleural symphysis, but retrac- 
tile sclerosis of the lung can act on the 
mediastinum and on the chest-wall even with 
a free pleura. This réle is more apparent 
in destructive pulmonary lesions healed by 
reduction of their volume. The trachea 
drawn over by fibrosis transmits the normal 
glottic sound through the contracted pul- 
monary tissue to the auscultated chest-wall 
with amphoric or tubular quality. Three 
cases of nontuberculous retractile sclerosis 
with the pseudocavity syndrome (two of 
bronchial dilatation and one of pulmonary 
syphilis with secondary tuberculosis) are 
reported. Seventeen cases of tuberculous 
fibrosis with retraction are also detailed. 
Ten occurred on the left and 7 on the right, 
10in women and7inmen. In two instances 
there was concomitant dilatation of the 
bronchi. In view of the previous statement 
that retractile sclerosis of the lung does not 
imply involvement of the pleura, the fre- 
quent coéxistence of the two processes in the 
present series is noteworthy. In 12 of the 
17 cases total symphysis was found in 12 and 
partial in three. In the other three cases 


the state of the pleura was not determined by 
any attempts to administer artificial pneu- 


mothorax. It would appear that pleural 
symphysis, whether spontaneous or provoked 
by artificial pneumothorax, constitutes one of 
the modes of cicatrization of pulmonary 
tuberculosis. In 6 cases symphysis occurred 
spontaneously, in 6 others following artificial 
pneumothorax, in one following thoracoplasty 
and in another following spontaneous pyo- 
pneumothorax. Conclusions: The pseudo- 
cavity syndrome resulting from deviation of 
the trachea in retractile pleuropulmonary 
fibrosis has been demonstrated more fre- 
quently since the advent of radiology. 
Eighty-five per cent of the cases occur in 
pulmonary tuberculosis. Thoracic deformi- 
ties point the way to a clinical diagnosis, 
especially where the general condition is 
good, expectoration scanty, and the tempera- 
ture practically normal, but the X-ray is 
necessary for confirmation and exactness.— 
Le syndrome pseudo-cavitaire dans les scleroses 
pleuro-pulmonaires, E. Sergent and N. 
Stoichitza, Arch. Méd.-Chir. d. V Appar. 
Respir., July, 1929, iv, 297.—(E. H. K.) 


Haemoclastie Crisis and Tubereulin.— 
This study is based on observations made on 
140 patients. They were divided into three 
groups: (1) those presenting clinical signs 
of tuberculosis and a positive tuberculin 
reaction, (2) individuals with a positive 
tuberculin reaction and no clinical manifesta- 
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tions of disease and (3) those with a negative 
tuberculin reaction and no evidence of tuber- 
culosis. While fasting, the white blood cells 
were counted and in some cases the blood- 
pressure was determined. Following this 
1 cc. of Old Tuberculin in dilutions up to 
1:1,000,000, was injected. Every half-hour 
thereafter the leucocytes were again counted 
for two to three hours. A positive tubercu- 
lin test was obtained in 121 cases, and 85.9 
per cent of this group showed a definite 
leucopoenia. In the majority of cases the 
drop in leucocytes averaged between two 
and three hundred. A haemoclasia was 
observed in 91 per cent of the patients in 
group 1; 88 per cent in group 2; and 11 per 
cent in group 3. The results obtained jus- 
tify the use of this test as a diagnostic means 
in tuberculosis—Sul valore della prova 
tubercolino emoclasica nei tubercolotict, G. 
Macchiaro, Tubercolosi, March, 1929, xxi, 
92.—( U. E. Z.) 


Rapid Diagnosis of Tuberculosis by 
Animal Inoculation.—Although numerous 
methods of cultivation of tubercle bacilli 
have been advanced, none has yet been 
devised which is as reliable as animal inocu- 
lation. Extirpation and examination of 
lymphoid tissue in the neighborhood of the 
site of inoculation leads to satisfactory 
results. In the last two years 150 guinea 
pigs have been inoculated into the popliteal 
lymph nodes, which are readily palpated and 
inoculated unless the animal be very fat. 
(In that event the fat may be squeezed 
away.) The animals were palpated twice 
a week. As soon as the nodes became firm 
and enlarged they were extirpated. This 
may be done quickly (in a minute or two). 
The hair is plucked and the overlying skin 
sterilized with iodine. The lymph node is 
held between the thumb and finger and the 
skin nicked; the node pops out and the in- 
cision is closed by small clamps. The pulp 
is smeared on slides, one of which is stained 
by the Ziehl-Neelsen method and the other 
by the Jétten-Haarmann method. Of these, 
the latter is distinctly better because the red 
tubercle bacilli are easily discernible through 
the picric-acid counterstain. In 30 control 
guinea pigs, inoculated in this way with 
tubercle bacilli, all yielded acid-fast bacilli. 
Eighty-one instances of clinical disease were 
used in the trialofthisscheme. The earliest 
day of proof was the thirteenth after inocula- 
tion, but bacilli were so numerous in this 
instance that diagnosis might have been made 
earlier. By this method 11 instances of 
urine, 4 of pus, 2 of fistulous discharge, 2 of 
material obtained by joint puncture and one 
of lymph-node puncture yielded tubercle 
bacilli. In every one of these instances in 
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which bacilli were found in lymph nodes, the 
animals developed generalized tuberculosis, 
in no instance of negative results on extir- 
pation was an animal found tuberculous later 
at autopsy.—Beschleunigter Nachweis von 
Tuberkel Bazillen im Tierversuch durch 
Driisenexstir pation, W. Pfannenstiel, Deutsche 
med. Wehnschr., December 20, 1929, iv, 2130. 
—(H.S. W.) 


Klopstock-Neuberg Antigen.—Most 
authors are agreed that in the serodiagnosis 
of tuberculosis, the deviation of the comple- 
ment test is always negative and of very 
little diagnostic value in early cases. The 
exact aetiology of many sclerosing basilar 
lesions often is undetermined. Many chil- 
dren with bronchopulmonary lesions are 
frequently classed as tuberculous suspects be- 
cause there is no way of positively determin- 
ing the nature of the clinical findings. By 
means of the recently simplified Klopstock- 
Neuberg antigen, the serodiagnosis of tuber- 
culosis has become a valuable aid in definitely 
determining the cause of lesions hitherto 
classed as doubtful—La serodiagnosi della 
tubercolosi con gli antigeni di Klopstock-Neu- 
herg, G. F. Capuani, Tubercolosi, November, 
1928, xx, 433.—(U. E. Z.) 


Red-Cell Sedimentation Reaction.— 
This test offers very little that cannot be 
learned by a good clinical examination. 
From the weight curve, temperature chart, 
pulse-rate, and respiratory rate, more can 
be ascertained concerning the patient’s 
progress than by the sedimentation rate. 
Some authors state that the onset of com- 
plications can be foretold by this test. In 
this study it was found that the early 
physical manifestations were of greater value. 
In a tuberculous individual in good physical 
condition, a low sedimentation rate may 
indicate a good prognosis.—Swl valore della 
prova di sedimentazione delle emazie nella 
tubercolost polmonare, R. Doria, Tubercolosi, 
April, 1928, xxiii, 125.—(.U. E. Z.) 


Primary Tuberculous Infection of 
Tonsil.—The general opinion is that the 
tonsil infected primarily with tuberculosis 
does not differ in gross appearance from 
others, and that the condition is never diag- 
nosed until after the tonsil is seen in section 
under the microscope. The author presents 
a case in which the diagnosis of primary 
tuberculosis of the tonsil was made before 
tonsillectomy. A boy, six and one-half years 
of age, had had poor appetite and vague 
abdominal painsfor two months. There had 
been no exposure to tuberculosis. He had 
always been subject to digestive disturbances, 
with abdominal pain and loss of appetite. 


One year before examination for the present 
illness he had had unproductive cough for 
four months, at which time inspiratory rales 
had been heard over both sides. Examina- 
tion showed a pale, listless child, of average 
weight for height and age. Near the upper 
pole of the left tonsil was a single shallow 
ulcer, with ragged edges, and covered with 
dirty yellowish-gray exudate. Its area was 
about 1 by 0.5 cm. There was a similar, 
smaller ulcer on the right tonsil. Smears 
from these ulcers contained numerous acid- 
fast bacilli. Cultures were negative for 
diphtheria. The patient later went to a 
private doctor for tonsillectomy. The ton- 
sils were not saved. One year prior to 
examination, his tuberculin test was nega- 
tive. At the time of examination it was 
positive. He is now, 3 years later, clinically 
well. The type of tuberculous involvement 
of the tonsils most commonly described is 
that in which the germinal centres are in- 
fected, as a part of a generalized tuberculosis. 
In the type represented by the case here re- 
ported, the infection is confined to the 
lymphatic tissue immediately under the 
epithelium of the crypts, with concomitant 
ulceration by destruction of epithelium. In 
this type of primary tuberculous ulceration 
of the tonsils, the infection is obviously 
“open,” the focus is easily removed, and 
probably safely so in the absence of tuber- 
culosis elsewhere in the body.—Primary 
Infection of the Tonsil with Tuberculosis, L. 
B. Dickey, Arch. Pediat., March, 1930, xlvii, 
190.—(P. J. W.) 


Primary Tuberculosis of Larynx.— 
Although long denied by most clinicians, 
who were convinced of its dependence on 
pulmonary tuberculosis, primary tubercu- 
losis of the larynx has been definitely recog- 
nized by all authors, but most of them regard 
it as rare and exceptional. Cambrelin 
asserts that this is not the case, that it is 
much more frequent than believed and often 
exists without being suspected, perhaps the 
only subjective symptom being huskiness. 
It is true that it is often difficult to establish 
that tuberculosis does not coexist elsewhere 
and it is better to say that there is no other 
manifest focus. Characteristic Lesions: The 
site of election of initial tuberculous lesions 
of the larynx is the posterior portion,—the 
interarytenoid space and the mucosa of the 
arytenoid cartilages. The latter is reddish 
violet, oedematous, sometimes ulcerated, 
and presents often little elevations, while 
the mobility of the cartilages is reduced. 
Besides the huskiness and rapid vocal fatigue 
there may be pain on deglutition. The epi- 
glottis, however, is never involved, as it 
frequently is in cases associated with pulmo- 
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nary lesions. Furthermore, initial laryngeal 
lesions are generally torpid or change but 
slowly, while with pulmonary involvement, 
a source of continuous irritation, they are 
more apt to progress rapidly. This illus- 
trates Louis’s theory of laryngeal contami- 
nation, but this does not explain primary 
laryngeal tuberculosis, for which one must 
assume propagation by either the lymph- or 
blood-stream. Of course one can not abso- 
lutely deny the possibility of implantation 
from inhalation of contaminated dust or 
sputum. Symptoms, Signs and Diagnosis: 
The first indication of suspicion is usually a 
simple huskiness of voice, and Cambrelin 
now believes that both larynx and lungs of 
all young subjects with intractable huskiness 
of voice should be examined. A point of 
interest is that, while in the type of case 
under discussion the pulmonary parenchyma 
is not involved, roentgenographs generally 
show either peribronchial sclerosis or hyper- 
trophy of hilar glands. Besredka’s comple- 
ment-fixation reaction has several times 
been positive. Cambrelin believes the 


natural tendency is toward the later develop- 
ment of pulmonary lesions if the process is 
not checked. Among the cases he reports 
of undoubted primary laryngeal involvement 
all have been checked by roentgenographic 
films, and some by pathological biopsy. 
Also, two other competent men examined the 


larynxes. Case Reports: 1. A young girl of 
23 presented herself two years ago because 
of persistent huskiness and slight pain on 
deglutition. The larynx showed a little 
paresis of the left vocal cord, the interaryten- 
oid space was oedematous, and the left 
arytenoid cartilage slightly hypertrophied. 
No bacilli were found in the sputum and 
pulmonary findings were negative. A few 
weeks later, as the hypertrophy of the left 
cartilage became more pronounced, a frag- 
ment of mucosa was removed and showed 
“subepithelial granulomatous lesions with 
Langhans type giant cells considered typical 
of tuberculosis. When this little area had 
healed, galvanocauterization, the only effec- 
tive treatment, was begun, with three appli- 
cations at weekly intervals. The patient 
then declared herself cured. Three weeks 
later she had violent pains in the head and 
died in a few days of tuberculous meningitis. 
Cambrelin has since determined never to 
use the deep galvanocautery in primary 
tuberculous laryngitis as he believes it may 
favor dissemination in cases where the lungs 
do not provide an outlet. 2: A Pole, aged 
28, complained of sharp pain in the throat 
and constant vocal fatigue. His interary- 
tenoid space was velvety, the left vocal cord 
sluggish, and both arytenoids, especially the 
left, infiltrated. Pulmonary signs were 
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negative; also X-ray films of the chest. 
Besredka’s reaction was ++. A fragment 
of mucosa from over the arytenoid showed 
numerous mast-cell clasmatocytes and rare 
giant cells, diagnostic of tuberculosis. Deep 
galvanocauterization was performed at three 
sittings; the patient was then sent to a sana- 
torium and strict vocal rest enjoined. In 
six months the larynx was clear. Two 
years later the lungs remained intact and 
the case was presented before the Brussels 
Otolaryngological Society as cured. 3: 
Three years ago Cambrelin was called to 
examine the larynx of a child of 4, unusually 
docile, whose father had tuberculosis and 
whose family were worried because of per- 
sistent vocal huskiness. The larynx was 
extremely red, the arytenoids distinctly 
oedematous, the mucosa of the interary- 
tenoid space uneven and rough; in all, the 
larynx looked strongly suspicious. The 
lungs were intact, on both physical and roent- 
genographic examination, excepting for a 
little peribronchial sclerosis and tracheo- 
bronchial adenopathy. A year and a half 
later the child had a serofibrinous pleurisy 
which lasted two months and injection of a 
guinea pig with the fluid produced tubercu- 
losis. After a sojourn in Switzerland and 
one by the sea the child’s condition was much 
improved although it remained thin and 
often had an evening rise in temperature. 
4: A man of 35 had for a long time suffered 
from laryngitis, hoarseness and persistent 
dry cough. The larynx showed typical 
lesions,—uneven surface with swelling of the 
right false cord and redness of both true 
cords. Thelungswerenormal. Two months 
after the first observation the patient de- 
veloped a right cervical adenitis, terminating 
in a cold abscess, puncture of which yielded 
a grumous fluid containing pneumococci. 
The mass was finally enucleated and showed 
caseating tuberculosis. 5: A young woman 
of 33 presented herself with a rebellious cough 
of a year’s duration, a slight aphonia, a diffuse 
laryngeal redness, with arytenoids swollen 
and the interspace velvety. The lungs were 
negative physically and roentgenographically. 
Besredka reaction was -++-+. She was given 
ultraviolet baths as she refused sanatorium 
treatment. 6: A young man of 24, an 
amateur singer, had lost his voice for several 
weeks and coughed severely in the morning. 
His larynx at first showed evidences of acute 
inflammation which retrogressed after two 
weeks’ vocal rest and palliative treatment, 
then showing generalized oedema and redness, 
involving the epiglottis. There were small 
mucous erosions over the arytenoids after 
disappearance of thisoedema. He wasin the 
hospital for a time with bronchitic symptoms 
but the pulmonary examination was nega- 
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tive. The Besredka reaction was ++. 
Later, during a scarlatina, the patient had 
violent pain on deglutition; his arytenoids 
were infiltrated, the right hypertrophied, the 
vocal cords reddened. A fragment removed 
from the right arytenoid showed giant-cell 
infiltration suggestive of tuberculosis. Three 
more cases are cited in which the initial 
laryngeal lesion appeared to evolve rather 
rapidly toward a pulmonary development. 
7: A woman of 37 complained of hoarseness 
and slight pains in the throat. She had a 
bitonal voice and sluggish movement of the 
cords, while the interarytenoid space was 
velvety and the arytenoids abnormally red. 
Her husband was a tuberculous sanatorium 
patient. A year later, while much better 
generally, she showed slight signs in the upper 
part of the left lung, confirmed by roentgeno- 
graphs, which showed calcifications and also 
discrete subclavicular lesions. The other 
two cases were rather similar, but one de- 
veloped serious cavitary lesions. Summary: 
These cases are substantiated by either 
biopsy, development of pulmonary tuber- 
culosis, or characteristic lesions and Besredka 
complement reaction. Primary laryngeal 
tuberculosis, therefore, does not appear to be 
as rare as thought, though it may be missed. 
If treated early it is susceptible of cure. The 
sanatorium, silence, and superficial galvano- 
cauterization are the principal measures, 
with perhaps the assistance of diathermy, 
heliotherapy and ultraviolet radiation— 
La Tuberculose primitive du Larynx, Cam- 
brelin, Rev. Belge d. 1. Tuberc., January- 
February, 1929, xx, 11.—(A. P.) 


Surgical Tuberculosis.—Conservative 
and operative treatment of tuberculosis 
cannot be sharply separated because, when- 
ever surgery is resorted to, general measures 
must also be brought into play. Also, 
surgical tuberculosis is not to be thought of as 
merely local disease. It is nearly always a 
general disease. The relative merits of these 
two general types of treatment cannot be 
adequately evaluated except after application 
to large numbers of cases, in which very 
marked difference in the two groups of cases 
must be clearly obvious. Merely to shorten 
the time (duration) of treatment should not 
of itself be a leading indication as to whether 
conservative or surgical treatment should be 
instituted. Judgment of the degree of im- 
provement is difficult because of the tendency 
to relapse. There is also a great individual 
variation in people, which must likewise be 
taken into account. It is not correct to com- 


pare surgical with sanatorium treatment 
because the latter may be more general and 
may include the former.— Ueber chirurgische 
Deutsche 


Tuberkulose, H. Kuss, med. 
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Wehnschr., 395,.— 


(H.S.W.) 


March 7, 1930, Ivi, 


Treatment of Surgical Tuberculosis 
by Finikoff’s Method.—Intramuscular in- 
jections of one cc. of an iodide incorporated 
in 10 cc. of sterilized peanut oil are given every 
seven days. These provoke a strong leuco- 
cytosis. The ‘mononuclear cells by their 
lipolitic powers destroy the waxy capsule of 
the tubercle bacillus. The polymorpho- 
nuclear leucocytes, because of their proteo- 
lytic powers, destroy albuminous substances 
contained within the protoplasm of the 
bacilli. Destruction of the capsule liberates 
fatty acids, which are deleterious to the 
body and cause a decalcification of the 
organism. To combat the noxious acids, 
calcium salts (calcium chloride) are given. 
The patients receiving this form of treatment 
manifest no ill effects and, in children, the 
results have been most satisfactory. Many 
patients suffering from tuberculous adenitis, 
tuberculous ulcerations and osteoarthritis 
have shown remarkable improvement.— 
Résultats obtenus par la méthode de Finikoff 
dans le traitement des tuberculoses chirurgi- 
cales, Amnés, Prog. Méd., January 12, 
1929, no. 2, 59.—(U. E. Z.) 


Physiotherapy of Genitourinary Tu- 
berculosis.—A nephrectomy for tubercu- 
lous disease of the kidney was done in a 
patient with an advanced pulmonary lesion. 
He later developed tuberculous orchitis and 
stricture of the ureter. High frequency, 
electrolysis, and ultraviolet-ray treatments 
were followed by marked general improve- 
ment and definite betterment in the local 
lesions.—Lésions tuberculoses de Vuréthre, 
de la vessie et des uretéres. Traitement 
physiothérapique, Schmitt, meeting Soc. de 
médicine de Paris, December 29, 1928, re- 
ported in Prog. Méd., January 12, 1929, no. 
2, 81.—(U. E. Z.) 


Pathological Anatomy of Addison’s 
Disease.—In the original description of the 
disease which bears his name, Thomas 
Addison defined it as “fa remarkable progres- 
sive feebleness of the patient without any 
apparent known cause, or as it is styled, 
asthenia, a discoloration of the skin and a 
disease of the suprarenal capsules.” Wilks 
(1862 and 1865), who studied the pathology 
of Addison’s first cases and reported others 
to a total of 33, described the suprarenal 
glands in the series as scrofulous and totally 
destroyed. Because the necrosis in the glands 
did not resemble the necrosis ascribed to 
tuberculosis at that time, he was rather of the 
opinion that the glands presented a unique 
disease not identical with other tuberculous 
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processes. Wilks’s excellent description of 
the gross aspect of the suprarenal glands, 
however, leaves little doubt that the lesions 
were the same as those that have been seen 
many times since then and identified as tu- 
berculosis by histological study. In 1892 
Lewin made an extremely comprehensive 
review of the literature up to that time. In 
1907 Hedinger reported a series of 15 cases 
of Addison’s disease, in 14 of which there was 
tuberculosis and in one case atrophy of the 
suprarenal glands. The largest recent series 
was reported by Coneybeare and Millis, 
and comprised 29 cases with necropsies, 
observed at Guy’s Hospital between 1904 and 
1923. In the past 18 years at the Mayo 
Clinic necropsies have been performed in 
28 cases in which the clinical syndrome of 
Addison’s disease has been present. A review 
of the protocols and a reéxamination of all 
the material available from these 28 necrop- 
sies form the basis for the present study. 
In 25 of the 28 cases there was a lesion of the 
suprarenal glands which on histological ex- 
amination was called tuberculosis. In the 
sections of all of these there were typical 
areas consisting of tubercles with endothelial 
cells, giant cells, fibroblasts and lymphocytes. 
Acid-fast bacilli morphologically resembling 
tubercle bacilli were found in these sections 
in 11 cases. The tuberculosis was found to 
be bilateral in all the 25 cases, and involved 
the entire gland, with almost complete 
destruction. The type of lesion varied 
between two extremes, a very proliferative 
type with many tubercles, many fibroblasts 
and connective-tissue cells and only small 
areas of necrosis, and a type in which the 
gland was a mass of necrosis surrounded by a 
fibrous capsule in which there were only a 
few tubercles and a small number of lympho- 
cytes. The lesions were essentially prolifera- 
tive with many tubercles and little necrosis 
in 7 cases; proliferative and necrotic with a 
moderate number of tubercles and a moderate 
necrosis in 8 cases; essentially necrotic with 
extensive encapsulated necrosis with few 
tubercles in 8 more cases; and inactive ac- 
companied by encapsulated necrosis with or 
without calcium deposits and a few foci of 
lymphocytes in 2 cases. Grossly the necro- 
sis differed from the ordinary caseous 
necrosis of tuberculosis in that the necrotic 
process was yellow or yellowish gray, firm 
and rubbery, and on section presented a 
uniform surface. Asa rule the glands were 
enlarged and weré not smaller than normal 
in any case. From the appearance of early 
and late tuberculous lesions of the supra- 
renal glands one type of lesion apparently 
encounters active resistance and much 
cellular proliferation which, together with 
some necrosis, gradually destroys the glands. 
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Another type encounters little resistance; 
areas of necrosis gradually spread until the 
gland is practically destroyed and the ne- 
crotic mass becomes encapsulated. There are 
intermediate types, but the tuberculous 
process is always progressive until the gland 
is almost completely destroyed. The re- 
maining 3 of the 28 cases of Addison’s disease 
had advanced bilateral atrophy of the 
suprarenal glands, resulting from some toxic 
agent or some other unknown cause. Healed 
tuberculous lesions of the lungs were found in 
all the cases in which there was tuberculosis 
of the suprarenal glands. Active tuberculosis 
of other organs was found in 22 of these. In 
10 there was active pulmonary (without 
genitourinary) tuberculosis, in 4 there was 
active genitourinary (without pulmonary) 
tuberculosis, in 2 there was both active pul- 
monary and genitourinary tuberculosis, and 
in one case there was active tuberculosis of 
the spine without pulmonary or genito- 
urinary disease, all of which presumably 
antedated the suprarenal disease. Of the 
remaining 8 cases, in 3 active tuberculosis of 
other organs was not found and in the other 
5 there was active tuberculosis of the liver, 
spleen or abdominal lymph nodes, all of 
which was considered as coincidental or 
secondary to the suprarenal disease. There 


was no active tuberculosis in the 3 cases of 
suprarenalatrophy. The weight of the heart 


was less than the average normal in 14 of 20 
cases in which data were available. The 
remaining 6 cases showed a weight greater 
than the average normal. Diffuse degenera- 
tive changes in the renal tubules were present 
in 9 cases. In 10 cases, including the three of 
suprarenal atrophy, the thymus was en- 
larged and there was hyperplasia of lymphoid 
tissue jn the nodes and intestinal tract. 
There was scattered lymphoid hyperplasia 
in 8 other cases. Because of the reports in 
the literature of cases of Addison’s disease in 
which the suprarenal glands presented other 
lesions than tuberculosis and atrophy, a 
study was made of all the suprarenal lesions 
found at necropsy at the Mayo Clinic during 
the last eighteen years. None of the pa- 
tients in these cases had clinical Addison’s 
disease. This group of 73 cases included the 
following: primary suprarenal neoplasms, 15; 
secondary suprarenal neoplasms, 39; atrophy, 
2; amyloidosis, 3; infarction, 2; haemorrhage, 
3; abscess, 1; and tuberculosis, 8. In 
these cases the minimal approximate amount 
of suprarenal tissue remaining was 10 per 
cent. This is noteworthy since in only one 
of the cases of tuberculosis with Addison’s 
syndrome as much as 10 per cent of supra- 
renal tissue remained; in all the other cases 
there was considerably less than this. If it 


_ is considered that suprarenal insufficiency is 
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the cause of Addison’s disease ft would 
appear that the limit of the margin of safety 
is reached when somewhere between 80 and 
90 per cent of the suprarenal tissue has been 
destroyed. Possibly the reasons why neo- 
plastic tumors so rarely produce Addison’s 
disease are that it is unusual for the patient to 
live long enough to have tumors in both 
glands, and, if he does, the primary disease or 
metastasis to other vital organs causes death 
before the suprarenal tumors have grown 
large enough to destroy much suprarenal 
tissue. Although malignant tumors are in- 
vasive, they are not nearly so destructive to 
highly specialized glandular tissue as is 
tuberculosis.—The Pathological Anatomy in 
Twenty-Eight Cases of Addison’s Disease, 
N. W. Barker, Arch. Path., September, 
1929, viii, 432.—(J. S. W.) 


Diagnostic Difficulties in Tuberculous 
Meningitis.—A seven-year-old child, con- 
valescent from bilateral otitis media com- 
plicating scarlet fever, developed complete 
anorexia and pain in the neck. This was 
thought to be an exhaustion phenomenon 
from the recent prolongedillness. Next day, 
severe pain appeared in the head, and there 
was stiffness of the neck and great exhaustion. 
Later, speech became affected and ataxia, 
profound drowsiness and loss of abdominal 
reflexes developed, but there was no fever 
and no loss of consciousness. Lumbar punc- 
ture yielded a turbid fluid, with many 
lymphocytes but no tubercle bacilli. At the 
fourth puncture no fluid was obtained. 
Cisterna puncture yielded similar fluid, with 
many lymphocytes but still no tubercle 
bacilli, even after the most careful search. 
On the eighth day tube-feeding was resorted 
to, and the pulse was irregular. After this 
day there was a definite retrogression of all 
symptoms. Three weeks after the onset, 
the child walked, but did so with a left-sided 
spastic ataxia and had a violent attack of 
vomiting, followed by a brief return of all 
symptoms. Two months after the onset 
the child had returned to an entirely normal 
state. The differential diagnosis had to be 
made between abscess of the brain, tuber- 
culous meningitis, and postscarlatinal en- 
cephalitis. The tuberculin reaction was ab- 
solutely negative in the early days of the 
illness; the fluid was such as might be found 
in an encephalitis; these facts and the 
absence of tubercle bacilli all seemed to point 
rather to a postscarlatinal encephalitis with 
marked symptoms of meningismus. The 
clinician should always bear in mind that 
meningismus from several causes may simu- 
late tuberculous meningitis. Such must 
have been the true condition of affairs in 
many cases of so called “healed” tubercu- 
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lous meningitis.—Diferentialdiagnose der 
Meningitis tuberculose, L. Langstein, Deut- 
sche med. Wehnschr., December 20, 1929, lv, 
2138.—( H. S. W.) 


Miliary Tuberculosis with Cerebral 
Arterial Thrombosis.—A female child, 
three years of age, previously apparently 
healthy, with no family history of tuber- 
culosis (the father and brother were sub- 
sequently shown to have the disease), sud- 
denly had a convulsion, with physical signs 
pointing to lobar pneumonia with men- 
ingismus. The lumbar puncture on admis- 
sion produced a spinal fluid negative except 
for markedly increased pressure and the 
presence of 5 lymphocytes per cu. mm. At 
the end of three weeks, the patient had inter- 
mittent elevation of temperature, partial 
paralysis, loss of vision, hyperactive re- 
flexes, persistent rigidity, positive Kernig. 
At the beginning of the fourth week, the 
spinal fluid was found to contain 540 leuco- 
cytes, of which 84 per cent were polymor- 
phonuclear. Pressure was markedly in- 
creased. By the fifth week there was marked 
papilloedema. There were 25 lymphocytes 
per cu. mm. of spinal fluid. No tubercle 
bacilli were found. The child died during 
the fifth week. A diagnosis of brain abscess 
in the temporoéccipital region was made. 
The abscess was considered to have followed 
an encephalomalacia resulting from a septic 
embolus, causing a thrombosis of the right 
posterior cerebral artery and secondary to an 
initial bacteraemia or purulent otitis media. 
It was only late in the course of the disease 
that a presumptive diagnosis of tuberculous 
meningitis was made. Necropsy demon- 
strated the presence of a miliary tuberculosis 
with complicating tuberculous meningitis, 
tuberculoma of the left occipital lobe, and a 
septic thrombosis of the right posterior 
cerebral artery with resultant encephalo- 
malacia in the right occipital lobe—Miliary 
Tuberculosis Complicated by Thrombosis of 
the Posterior Cerebral Artery and Tuberculous 
Meningitis in a Child Three Years of Age, 
J. S. Leopold and J. L. Rothstein, Arch. 
Pediat., February, 1930, xlvit, 77—(P. J. W.) 


Newer Treatment of Tuberculosis.— 
Perhaps more than 200,000 infants have 
received protective inoculation with BCG. 
Sufficiently exhaustive investigation of the 
individual case has, however, apparently 
been neglected, and routine postmortem 
examination has not excluded tuberculosis. 
In certain instances guinea pigs inoculated 
with BCG have died of tuberculosis. The 
question of allergy in connection with arti- 
ficial immunization is yet undecided. Inti- 
mate contact with the open case is the most 
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constant aetiological factor in phthisiogenesis. 
In Chicago all contacts, adults and children, 
are supervised. In 1927 and 1928, 9,891 
new contacts were examined, and 645 cases 
of tuberculosis found. Of these, 545 were 
cases of pulmonary tuberculosis, 93 were 
lymphatic tuberculosis, and 7 were osseous 
and other forms of tuberculosis. At the end 
of 1928 there were 3,167 positive sputum 
cases under surveillance. Of these only 25 
were in contact with children, and they were 
in the process of clearance. During the 
year there were 942 cases in contact. Con- 
tact was broken in 917 cases and 1,927 
children thus protected from further infec- 
tion. It is estimated that there are in this 
country about 40,000 cases of advanced 
tuberculosis who could not receive benefit 
from routine treatment or artificial pneumo- 
thorax and whose prognosis is very grave. 
Thoracoplasty offers much for this type of 
case. Crushing or removal of the phrenic 
nerve may greatly benefit the early case, 
and, according to the author’s experience, 
will supplant pneumothorax in about 80 
per cent of cases in which previously pneu- 
mothorax had been indicated. The success 
of thoracic surgery depends upon the 
surgeon’s skill, the proper selection of cases, 
and the ability of the sanatorium to give treat- 
ment to surgical cases equivalent to that 
given in general hospitals. The latter pro- 


vision also allows for the proper treatment of 
any surgical complication of tuberculosis. 
New work done both in Germany and in the 
United States indicates that the proper ratio 
of minerals and vitamines in the diet is essen- 


tial for the healing of tuberculosis. Rest, 
fresh air, and good food still form the heart 
of the problem of therapy, and are only 
supplemented by the newer methods of 
treatment.— Newer Methods in Tuberculosis 
Therapy, B. Goldberg, Ann. Int. Med., 
March, 1930, iii, 910.—(R. M. F.) 


Exercises in Pulmonary Diseases.— 
Massage of the limbs prepares the body for 
active exercise by circulatory stimulation. 
Movements of flexion, extension and rota- 
tion of the spine, and all respiratory exercises 
help secure a mobile thorax, a prerequisite 
to treatment of the thoracic contents with ex- 
ercises, such as follow: J: Quick strokes on the 
chest-wall aid in loosening tenacious mucus. 
2: Expiration is aided by “chest shaking” 
(alternate pushing and pulling against the 
thorax). 3: Controlled and localized breath- 
ing, by stressing the diseased lung, encourage 
ittoexpand. 4: Alteration of posture aids in 
drainage of cavities. Temperature and pulse- 
rate are used to guide treatments in sus- 
pected tuberculosis and in pulmonary disease 
without an open wound. When the myo- 
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cardium is not diseased a pulse-rate increase 
of from 20 to 40 beats per minute which 
returns to normal within 3 minutes after 
exercise is safe, and such exercise attains 
desired results by increase of the respiration. 
Cases suitable for physical therapy are 
divided into groups, as follows: J: Those in 
which expiration needs aid (emphysema, 
asthma, bronchiectasis). 2: Those in which 
inspiration needs aid (empyema, pulmonary 
collapse). 3: Those in which both expira- 
tion and inspiration need aid (chronic 
bronchitis, pneumonia with delayed resolu- 
tion). In emphysema and asthma exercises 
should be aimed at correction of posture, the 
object being to reduce the bulk of the lungs 
and increase the power of the expiratory 
muscles. The same treatment is used for 
bronchiectasis, and postural drainage and 
expiratory “chest shaking” are added. In 
empyema exercises are begun twenty-four 
hours after operation, in order to promote 
lung expansion with adequate drainage, and 
to prevent scoliosis. Absorption of toxins is 
decreased and secondary operations become 
rarer. Pyrexia does not  contraindicate 
exercises provided drainage is free. Breath- 
ing exercises and postural correction, limb 
massage, active arm, leg, and trunk move- 
ments are instituted, gradually, in the order 
named. Manual manipulation of the chest 
is avoided while there is an open wound. 
The same scheme of exercises is used in 
treating delayed resolution. The object is 
to prevent bronchiectasis and pulmonary 
fibrosis by stimulating the pulmonary circu- 
lation through increase in respiration. In 
influenzal pneumonia the patient should 
have been afebrile one week before exercises 
arebegun. Thepersistent low-grade pyrexia 
of bronchopneumonia may be abolished by 
exercises. Results are good if physical 
therapy is instituted soon after termination 
of the acute illness—A Note on Remedial 
Exercises in the Treatment of Pulmonary 
Diseases, A. H. Douthwaite and dH. S. 
Angove, Lancet, February 15, 1930, ccxviii, 
346.—(R. M. F.) 


After-Care of Tuberculosis Patients.— 
The after-care of the consumptive presents 
an entirely different problem from 15 years 
ago. Formerly the healing of large pulmo- 
nary cavities with ordinary rest was rather an 
exceptional achievement. Now, due to im- 
proved surgical technique, a better selection 
of patients and a wider use of the various 
mechanical forms of collapse therapy, a far 
greater number of patients are returned to 
normal life. At the Laennec Hospital there 
is a well-organized follow-up routine between 
the hospital and the dispensary, and the 
patient’s family and his employer. After a 
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period of hospital care, the pneumothorax 
patient is strongly advised to continue his 
refills at the dispensary. Should any com- 
plication arise he is at once readmitted to the 
hospital. Thus a continuity of medical 
control is maintained. The criteria for the 
return of a pneumothorax patient to his 
occupation are freedom from symptoms for 
about a year and a negative sputum which 
does not infect a guinea pig. Farming, 
contrary to popular belief, is too strenuous 
an occupation for the arrested tuberculosis 
patient. Every effort should be made to 
have him return to his former occupation and 
to give him light tasks until his pulmonary 
lesion shows stability or further retrogressive 
changes.—The After-Care of the Consump- 
tive Patient, E. Rist. Brit. J. Tuberc., Janu- 
ary, 1930, xxiv, 7—(J. G.) 


Technique of Thoracoplasty.—The 
treatment of vast pulmonary cavities is not 
the sole indication for extensive thoraco- 
plasty. Certain pleural complications of 
artificial pneumothorax, especially pulmo- 
nary perforations, occurring either in an un- 
infected pleura or in one already containing 
purulent exudate, with or without secondary 
infection, may need this intervention. The 
same thing is true of bronchial perforation 
into an oleothorax, a complication which 
should be well known and dreaded by those 
using oleothorax. Although such a perfora- 
tion may undergo spontaneous cure, usually 
when complicated by pleural suppuration 
and infection it leads to a tuberculous gen- 
eralization, with hectic fever, and demands 
surgical intervention which must come early 
if it is to be of avail. When one is dealing 
with simple purulent or puriform exudates, 
following the subsidence of ordinary tubercu- 
lous pleurisies, well described by Bernard 
and Baron under the term “exudative 
pleurisies of artificial pneumothorax,” thora- 
coplasty does not seem necessarily indicated, 
even though it may be curative. As good 
cures have been obtained in inveterate cases 
without resort to it. For example, Renaud 
recommends in such cases pleurotomy with 
drainage, while Bernard, Kindberg, Rist and 
Burnand are decisively opposed to this. All 
these report good and lasting results from 
repeated puncture, followed by injection of 
air, and more recently by oleothorax. In 
cases with secondary infection the situation 
is more serious. There are doubtless forms, 
especially staphylococcic, of low virulence, 
in which the general condition is not gravely 
affected, there is only moderate fever, and 
cure may result from simple measures; but 
these are rare. Secondary infection of pneu- 
mococcic type may also result from a bron- 
chopulmonary infection and these may be 


expected to terminate badly. Ordinarily a 
parietal fistula or perforation of a cavity 
calls for prompt intervention and cannula 
drainage is merely a temporizing measure, 
although it sometimes results in temporary 
amelioration. Anterior drainage is par- 
ticularly unsatisfactory; even with rib- 
resection it is insufficient because poorly 
located, and without it compression by the 
costal cartilages and thickened pleura will 
usually cause blockage within a few hours. 
Neither will anterior pleurotomy prevent 
involvement of the skin near the thoraco- 
plasty incision since if the operation is ex- 
tensive an anterior incision also will be 
required. The following method, after trial 
of many, is recommended: In case of pleural 
suppuration one first has recourse to repeated 
punctures, continuing them through succes- 
sive stages of thoracic resection and, in certain 
cases, a pleurotomy practised only after 
cicatrization of the posterior thoracoplasty, 
since the incision should be at the lowest 
point postero-inferiorly. Surgical treatment 
should answer two indications: J: It should 
suppress as completely as possible the sup- 
purating pleural cavity, by extensive bony 
resection and falling together of the walls of 
the cavity. 2: It should maintain the col- 
lapse of the tuberculous lung, reéxpansion of 
which might awaken fresh activity. Thora- 
coplasty is relatively easy in recent cases of 
suppuration, but very difficult in cases with 
long-standing changes in the pleura and 
chest-wall, including narrowing of the inter- 
costal spaces and adhesion of the ribs, 
especially the upper ones. In some cases 
there is a pachypleuritis of almost cartilagi- 
nous consistency, adherent to the periosteum, 
making denudation of the ribs very difficult. 
In such cases the operation must be divided 
into more stages and supplemented by an 
anterior one. Another difficulty is parietal 
fistulization following repeated punctures of 
a suppurating pleural cavity. These fistulae 
or infected portions of the chest-wall should 
be touched only after closure of the main 
wound, when they may be opened and 
drained. Kiiss has emphasized the danger 
of letting a lung stay bathed indefinitely 
with purulent richly bacilliferous fluid, 
which is likely to lead to tuberculization and 
progressive cortical ulceration, and finally to 
perforation. Perforation may be diagnosed 
by the functional and general symptoms, the 
sudden acute dyspnoea, thermic rise, re- 
crudescence or appearance of pleural exudate, 
and confirmed by the manometric findings 
or expectoration of liquid, and a very active 
therapeusis is indicated. It is understood 
that we speak only of large permanent per- 
forations, the symptoms of which become 
aggravated rather than ameliorated, and not 
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of the small transitory perforations and 
fissures which Bard believes so frequent, 
that is, that all pneumothorax exudates 
indicate such occurrence, which opinion, 
though doubtless extreme, contains much 
truth; latent perforations are certainly more 
common than Bard’s contradictors believe. 
Sometimes a perforation is complicated 
within a few days by a miliary dissemination 
in the other lung, doubtless due to bronchial 
embolism. Doubtless such dissemination is 
favored by the incessant violent coughing, 
which accompanies a partial bronchopleural 
fistula, and repeated pleural punctures 
should then be carried out. Before fistuliza- 
tion is established punctures are only neces- 
sary to avoid overpressure of the liquid in 
the pleural cavity, which the bony resections 
have reduced and which otherwise may lead 
to asphyxia by bronchial inundation. When 
frequent punctures become necessary to pre- 
vent the spitting of pus, the time has arrived 
for a complementary pleurotomy. It is 
recognized that such a wound will be long in 
healing and subject to fistulization, but be- 
tween two evils one must choose the lesser. 
Posterior pleurotomy following thoracoplasty 
is also not easy technically. The incision 
goes through a lardaceous tissue, and a 
thickened cicatrix undergoing secondary 
ossification, where it is practically impossible 
to avoid cutting intercostal vessels. A 
needle should first be thrust into the pus- 
cavity and will traverse a veritable carapace 
of 2 to3.cm. One may select the terminal 
part of the posterior thoracoplasty incision, 
near the eleventh rib. An elliptical incision 
is made around the needle, leaving it in place 
asa landmark. A minimal incision is made 
with a bistoury and forceps, and a drain of 
about 1 cm. diameter inserted and connected 
by glass tubing to another drain leading to a 
bottle near the bed. In certain cases a 
Bulow’s cannula may be substituted for the 
needle and the tubing connected with this. 
In cases like these total thoracoplasty must 
be done while they are “hot” if at all. One 
intervenes on the diagnosis of a serious 
complication, such as infected exudate or 
perforation. Temporizing diminishes the 
chances of success. It is the duty of both 
physician and surgeon to accept the inevi- 
table risks. Only an acute contralateral 
extension should constitute a serious con- 
traindication. Although not all those oper- 
ated on under these conditions can be saved, 
the failures should not be attributed to the 
intervention, which has proved its value. 
(Note: Rist adds that certain cases of infec- 
tion must first be drained. Rolland and 
Maurer think, with Archibald, that in such 
cases thoracoplasty has a poor chance. 
Bordet also states that in certain cases 
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pleural punctures are so difficult as to be 
impracticable and pleurotomy must be done. 
In these cases one’s hand is forced).—Jndica- 
tions de la thoracoplastie totale élargie dans 
le traitement des pneumothorax compliqués 
(suppurations pleurales et perforations pul- 
monaires), J. Rolland and A. Maurer, Sec- 
tion d’études scientifiques de V’Oevvre de la 
Tuberculose, January 12, 1929, reported in 
Rev. d. 1. Tuberc., A pril, 1929, x, 247 — 
(A. P.) 


Technique of Thoracoplasty.—It was 
Boiffin who first showed that posterior costal 
resections of equal size led to more impor- 
tant reduction in size of the thoracic cavity 
than anterior or lateral ones. This has since 
been thoroughly confirmed. Maurer here 
reports the results of 25 thoracoplasties (38 
operations) done by him over a period of 
three years. Technical Rule No. 1: The rib 
must be resected at the point of contact of 
the costotransverse articulation. Rule No. 
2: Local and regional anaesthesia should be 
used. Maurer has never had to resort to a 
general anaesthetic nor had a patient refuse 
a second operation under local anaesthesia. 
There has been only one case of superficial 
suppuration of the chest-wall; in every other 
case primary reunion of the tissues has 
occurred and the stitches were removed after 
a week as in a laparotomy. No phenomena 
of intoxication have been noted, using a 
1-200 novocaine-adrenalin solution (Reclus’s 
solution) and not employing over 80 cc. 
(less than 0.5 gm. novocaine) for a resection 
of 6 ribs. To obtain the best results, the 
surgeon should be familiar with the clinical 
forms of tuberculosis, that he may discuss 
with the medical specialist surgical methods, 
the best time for intervention, its division 
into stages, and whether thoracoplasty 
should be partial or complete, and begun 
with the upper or lower ribs. Maurer’s 
cases were all carefully examined by Rist or 
his associates. Rolland, who is particularly 
familiar with surgical methods, assisted at 
all operations and watched the patients dur- 
ing the ensuing days. To this careful co- 
operation is attributed the very low mor- 
tality, a single death out of 38 operations 
on 25 patients. This case succumbed to a 
dissemination of the disease in the lower 
parts of his lung and a generalization which 
occurred about three weeks after operation. 
This case had previously been in active 
evolution and it now seems that instead of a 
superior thoracoplasty a total one in two 
stages, beginning from below, might have 
resulted more favorably. Extent of Costal 
Resections: These should increase progres- 
sively from above down, from the first to the 
tenth rib. About 2 to 3 cm. of the first rib 
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are removed, 6 to 8 cm. of the second, 12 to 
16 cm. of the others, and 8 to 10 cm. of the 
eleventh rib. However, the extent of resec- 
tion is a function of the clinical forms and 
of the subject’s resistance. Generally, in 
the absence of pleural exudates, resections 
should be more extensive,—18 to 20 cm. of 
the lower ribs. Posterior resections may in 
some of these be supplemented by anterior 
resections. Total thoracoplasty ordinarily 
requires two stages or more, allowing not 
over two weeks to elapse between the differ- 
ent stages. Technique: The position of the 
subject is very important, in order that both 
he and the operator may be at ease during a 
long delicate procedure and no fatigue or 
impatience result. The subject is placed on 
the table in lateral decubitus resting on the 
sound side, with a cushion under the lower 
ribs and costoiliac space. A second cushion 
is placed in front of the lower thorax and 
belly in such a way that the part nearest the 
head receives the elbow. The hand on the 
same side (the diseased) rests on a roll which 
supports the lateral concavity of the neck, 
while the head rests on a thinner cushion. 
One may fold the other arm under the head 
and place it between two cushions or rolls. 
All these things are illustrated by drawings. 
Sometimes, when the patients have volumi- 
nous secreting cavities or pulmonary perfora- 
tion with infected pleural exudate, lateral 
decubitus on the sound side provokes spasms 
of coughing which may spread the process in 
the other lung. In such cases a more or less 
sitting position is preferred, arms folded and 
crossed in front of the chest, the head sup- 
ported. Disinfection of the skin is carried 
out with 5 per cent iodine over the hemi- 
thorax, shoulder and axillary folds. The 
vertebral column and iliac crests are marked 
out. The supraclavicular space is also 
disinfected up to the roots of the hair. Local 
and regional anaesthesia is employed alto- 
gether, local for skin and muscles, regional 
for the intercostal nerves. For intracutane- 
ous anaesthesia a _ short-bevelled needle 
about 4 cm. long and a 2 cc. hypodermic 
syringe are used. A series of intracutane- 
ous “buttons” is made. For the muscular 
masses one uses a 10-cc. syringe, injecting 
with a to-and-fro movement, and then pro- 
gressively withdrawing the needle while con- 
tinuing to inject. Cutaneomuscular anaes- 
thesia completed, the skin and cellular tissue 
are sectioned, exposing the plane of the 
trapezius, whose fibres run horizontally in 
the upper portion and obliquely upward and 
outward in the part attached to the inner 
scapular margin. A slightly curved incision 
will best expose the underlying structures, 
but a nearly vertical incision, less extensive 
upward, yields far better aesthetic results 
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and shoulderfunction. The trapezius having 
been sectioned, a second plane, consisting of 
rhomboids and levator angulae scapuli, is 
exposed. The fibres of the rhomboids are 
directed downward and outward toward the 
internal scapular border, below its spine. 
This plane is cut about 2 cm. from the in- 
ternal scapular border. The posterior scapu- 
lar vessels are situated in a fibro-fatty layer 
and are sectioned between ligatures with 
catgut. Small muscular arteries should be 
clamped and tied at once. This helps to 
avoid operative shock. Some of the sacro- 
lumbar or iliocostal muscle masses must be 
retracted in order to expose the inner side 
of the ribs and costotransverse articulations. 
To do this without pain, several cc. of co- 
caine are injected near the external border of 
the common mass prior to separating the 
small tendinous aponeuroses from the bone. 
Regional anaesthesia of the intercostal nerves 
is practised by means of a needle 5 to 6 cm. 
long attached to a 5-cc. syringe. If one in- 
tends to begin by resecting the fifth rib, for 
instance, the sixth, fifth and fourth nerves 
are first anaesthetized, then the third, and 
so on up to the first. The needle is intro- 
duced obliquely at 45° in contact with the 
lower border of the costotransverse articula- 
tion, directing the point downward and in- 
ward and is then thrust to a depth of 2 cm. 
into this space between the ribs. There may 
be slight pain. About 4 cc. of solution are 
injected about the nerve, which may distend 
somewhat the posterior part of this space. 
The higher the anaesthesia is carried, the 
nearer the lower border of the rib one must 
go. Incision of the periosteum and denuda- 
tion of the ribs are described; the latter 
begins inferiorly over an extent of 8 to 10 cm. 
Then come section and extirpation. De- 
nudation of the internal aspect of the first 
rib must be done under finger control. One 
must avoid going too far out because of the 
proximity of the posterior scapular artery 
and cords of the brachial plexus. If this 
artery is cut it is very difficult to clamp and 
one may have to resort to tampons. Fatal 
haemorrhage has resulted. Finally haemo- 
stasis is checked up and made perfect and 
a long fenestrated drain of the thickness of a 
finger is inserted. When this is put in place 
the various layers are sutured and finally the 
skin. A few flat gauze compresses are the 
only dressing. Postoperative Care: The pa- 
tient is put to bed in a sitting position with 
pillows behind and on each side. An injec- 
tion of pantopon and camphorated oil is given 
at once and digitalin started. The camphor 
in oil is repeated four or five times in twenty- 
four hours, also the pantopon each night. 
The stitches are removed on the eighth to 
tenth day. Incidents and Accidents: Among 
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these are haemorrhage from the posterior 
scapular artery, superficial suppuration, and 
gas embolism. Maurer reports one case of 
the last in which he saw the open lumen of 
the vessel (intrathoracic) and heard a slight 
sucking sound. The patient went into syn- 
cope, he applied a compress to the vessel and 
recovery ensued with only a sense of malaise. 
No deaths from operative shock occurred 
but one did occur the third week from dis- 
semination in the lower lobe from an actively 
secreting lesion— Technique de la thoraco- 
plastie extrapleurale paravertebrale pratiquée 
sous anesthésies locale et régionale dans le 
tuberculose pulmonaire, A. Maurer, Section 
d’études scientifiques de ?Oeuvre de la Tuber- 
culose, November 10, 1928, reported in Rev. 
d.l. Tuberc., February, 1929, x,96.—(A. P.) 


Technique of Thoracoplasty.—In these 
cases one must not be content with too par- 
simonious bony resections, as they are abso- 
lutely insufficient, the pulmonary obliteration 
is minimal, and the cavities persist only 
slightly diminished in size. Bernou and 
Fruchaud have published their observations 
and films showing the need of more extensive 
resections which they now practise. This 
branch of surgery has undergone a definite 
evolution. It was first necessary to show 
that the patients operated on could survive 
and then to put them in as favorable condi- 
tions as possible for ultimate cure. Total 
thoracoplasty, practised according to the 
technique laid down and including all the 
ribs posteriorly outside their costotransverse 
articulation, will usually bring about a suffi- 
cient reduction in chest volume. This re- 
duction, which continues following opera- 
tion, is usually large enough if one takes care 
to remove (in a man of ordinary height) from 
1.3 to 1.45 metres of ribs, but with a volumi- 
nous cavity in the apex or middle part of the 
lung, even more extensive costal resections 
are required. Insuchacase third and some- 
times fourth operations may be necessary in 
order to obliterate the anterior arches of the 
ribs already resected posteriorly, and little 
by little one approaches a deossification of the 
chest-wall. These voluminous cavities may 
occur in lungs previously treated by arti- 
ficial pneumothorax too soon obliterated by 
adhesions. The appearance or increase of a 
pulmonary cavity in a symphysized lung is 
presumptive proof of reactivation of the 
lesions and an indication for intervention. 
In other cases a thoracoplasty should be 
contemplated in the beginning, with no pre- 
liminary pneumothorax. When a cavity 
has destroyed the lung over a large extent in 
contact with the chest-wall, when it is 
limited by a thin shell which lines the apical 
pleural dome, one should not attempt pneu- 
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mothorax. Even if a pulmonary separation 
is realized it can be no more than partial and ~ 
usually ceases where the cavity begins. 
Besides, these excavated forms of tubercu- 
losis treated by pneumothorax are particu- 
larly exposed to the dangers of pulmonary 
perforation. Oleothorax under pressure is 
even more likely to hasten a fatal perfora- 
tion. At the same time, these giant cavities 
are bad cases for thoracoplasty. The ribs 
are intimately bound to a very rigid fibrous 
layer, constituting the cavity wall. In 
places this fibrous tissue is sown with soft 
fungosities, indicating parietal infiltration 
by the tuberculous process. The rigidity of 
the deossified wall may give rise to dead 
spaces where serosanguineous fluid accumu- 
lates and is easily secondarily infected. Roent- 
genographic pictures of these voluminous 
cavities with rigid walls often show at their 
lower pole a horizontal level indicating stag- 
nant residual fluid which can only be evacu- 
ated through the bronchus of drainage. 
This stagnant fluid is favorable to secondary 
infection. Septic retention manifests itself 
by a thermic ascension and may set up either 
a localized bronchopneumonia or a general- 
ized septicaemia. In some cases it is reason- 
able to look for complete closure of such a 
voluminous cavity. The different stages of 
operation should not be too far apart. The 
optimum interval is about two weeks. Like- 
wise when an anterior complementary opera- 
tion is decided on to supplement a posterior 
thoracoplasty it should be carried out within 
two weeks of the last stage of the latter. 
Technique: Under local anaesthesia one 
traces a line by a series of intracutaneous 
buttons juxtaposed along the length of the 
inferoexternal border of the large pectoral 
muscle, ending above and outside the anterior 
surface of the tendon; in order to avoid pro- 
ducing a cicatricial band in the axilla. The 
edge of the exposed pectoral is retracted 
upward and inward, its relaxation being 
secured by injecting about 5 cc. of novocaine 
about 1 cm. below the lower border of the 
middle of the clavicle. The nerve to the 
large pectoral is anaesthetized where it 
crosses the axillary artery. The small 
pectoral is then exposed and the nerve to the 
serratus magnus. Beneath the cellular tis- 
sue are the muscular digitations. The inter- 
costal nerves are anaesthetized by directing 
obliquely forward from behind, guided by 
the finger, a needle mounted on a 5-cc. 
syringe filled with 1-200 novocaine. The 
lowest ribs are resected first. The anterior 
cartilaginous junctions are cut with a bis- 
toury, while posteriorly they are enucleated 
after removal of the periosteum. The sec- 
ond, and especially the first, ribs are difficult 
to extirpate and one may have to cut trans- 
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versely the tendon of the smal! pectoral 
muscle. A resection of 2 cm. of the first rib 
is sufficient, as 3 cm. have already been 
removed posteriorly. The superior aspect 
is first stripped of periosteum, then the in- 
ferior, and this is verified by palpation with 
the left index finger. The pectoral muscle 
is reunited, a drain placed in the axilla and 
the inferoexternal border of the great pec- 
toral fixed outside the cellular tissue. The 
drain is ordinarily removed in three days. 
Excellent drawings accompany this paper.— 
Indications et technique de la thoracoplastie 
élargie dans le traitement des cavernes vol- 
umineuses du poumon, J. Rolland and A. 
Maurer, Section d'études scientifiques de V 
Oceuvre de la Tuberculose, December 8, 1928, 
reported in Rev. d.l. Tuberc., February, 1929, 
x, 129.—(A. P.) 


Anaesthesia for Thoracoplasty.—From 
experience with 10i thoracoplasties, repre- 
senting 202 operations, at the Brompton 
Hospital, it is concluded that the best results 
are obtained with nitrous oxide and oxygen 
anaesthesia, combined with block of the in- 
tercostal nerves with 1 per cent novocaine as 
soon as the ribs are exposed. Ethylene has 
not been found to be vastly superior, though 
there is an advantage in the fact that anaes- 
thesia can be maintained with a greater per- 
centage of oxygen than is possible with 
nitrous oxide. In certain cases a general 
anaesthetic may be definitely contraindi- 
cated, but as a rule it is best to use it if 
possible, because there is less liability to 
shock. With nitrous oxide and oxygen it is 
always necessary to give efficient preliminary 
medication. A combination of omnopon, gr. 
1/3, and scopolamine, gr. 1/150, has been 
found useful, and does not make it difficult 
for the patient to clear his lungs of sputum.— 
Anaesthesia for Thoracoplasty in Pulmonary 
Tuberculosis, I.W. Magill, Lancet, February, 
8, 1930, ccxviti, 295.—(E. H. K.) 


Immediate Risks of Thoracoplasty.— 
Dumarest emphasizes especially the differ- 
ence in the operative risk according to 
whether the thoracic cavity is empty or 
containslung. Pleural indications for opera- 
tion are quite frequent: septic pleural sup- 
purations, with or without pulmonary fis- 
tulization, when attempts at disinfection by 
lavage have failed or the fistula persists. 
The only hope then is obliteration of the 
pleural cavity, executed in several stages, 
preceded by external drainage. Such inter- 
vention may be undertaken with less appre- 
hension than in the case of athoracoplasty 
for pulmonary indications. The most grave 
immediate risks of bony resection are due to: 
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1: Mechanical Causes: Displacement or 
fluttering of the mediastinum, mechanical 
embarrassment of the heart, whence syncope 
or asphyxia may ensue. 2: Infectious 
Causes: Inoculation of the healthy lung by 
bronchial emboli carrying septic products, 
whose elimination by expectoration is diffi- 
cult. When the pleura is empty, neither 
mediastinum nor heart, nor respiratory 
dynamics, are influenced and the effects are 
parietal rather than visceral. There remains 
operative shock: it may occur in solely 
pleural interventions, but more rarely. A 
pleural thoracoplasty is also easier to perform 
and its indications are broader than when 
done for pulmonary disease.—Sur les risques 
immédiats de la thoracoplastie, F. Dumarest, 
Section d'études scientifiques de ?Oeuvre de la 
Tuberculose, January 12, 1929, reported in 
Rev. d. l. Tuberc., April, 1929, x, 255.— 
(A. P.) 


New Thoracoscope.—One instrument 
serves the double purpose of endoscope and 
active electrode. Its advantages are as 
follows: J: Its small calibre (18 Charriére 
gauge). 2: Its working through a cannula. 
3: The need for only one puncture. 4: 
The excellent field of vision, which is at an 
angle of only 30° off the axis, thus simplify- 
ing orientation. 5: The advantageous posi- 
tion of the electrode just beyond the lamp, 
making it as easy to touch as to see an adhe- 
sion. 6: The fact that it is a diathermy 
instrument. A suitable adhesion favorably 
located, can be first coagulated and then cut 
through with no production of smoke. 7: 
Easy sterilization of the whole instrument 
by boiling. The principal innovation is 
making the telescope itself carry the coagulat- 
ing and cutting current. A_ detailed 
technical description of the apparatus is 
included in the article—A New Thoraco- 
scope, F. G. Chandler, Lancet, February 1, 
1930, ccxviti, 232.—(E. H. K.) 


Sudden Death Following Phrenicec- 
tomy in Diabetic.—The operation was 
performed for bronchiectasis. It is some- 
times advisable to operate with the patient 
sitting up in order to avoid infecting the 
healthy lung. Rist states that in spite of 
the reported deaths, phrenicectomy is a 
valuable therapeutic agent and has given 
excellent results in many cases. A few 
fatalities should not be the cause of discard- 
ing the operation. Sur un cas de mort subiie 
aprés phrenicectomie chez un diabétique, 
Burman, Sergent and Rist, meeting Soc. 
Méd. des Hép., January 18, 1929, reported 
in Prog. Méd., February 2, 1929, no. 5, 
199.—(U. E. Z.) 
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Bilateral Phrenicotomy.—Bilateral 
phrenicotomy can be considered in the 
treatment of bilateral pulmonary tuberculosis 
only when bilateral pneumothorax has been 
tried. Real damage can be avoided only if 
one observes certain indications, especially 
if the diaphragm rises very high after the 
first phrenicotomy. This method should be 
tried only in cases in which artificial pneu- 
mothorax fails. The failure of the latter 
usually implies the presence of adhesions 
which hold the diaphragm in relative 
fixation. There is the possibility, however, 
that, in phrenicotomy after bilateral pneu- 
mothorax has failed, the diaphragm may rise 
unduly high. This contraindicates phrenic- 
otomy on the contralateral side. The ex- 
tent of the bilateral disease is also an im- 
portant indication. Recourse to operation 
should be had only in severe grades of dis- 
ease, but disease throughout both lungs con- 
traindicates the operation.—Doppelseitige 
Phrenikusexairese bet Lungentuberkulose, L. 
Diinner, Deutsche med. Wehnschr., Novem- 
ber 15, 1929, lv, 1928. —( H. S. W.) 


Indications for Artificial Pheumotho- 
rax and Phrenicotomy.—The combined 
use of pneumothorax and phrenicotomy is 
ill-advised. In the first place the appearance 
of exudates in the presence of an injured 
diaphragm is common. Each of these pro- 
cedures has its own set of indications and 
these make it difficult to approach a given 
patient with the idea of doing both things.— 
Die besonderen Indikationen des Pneumo- 
thorax und der Phrenikusausschaltung, H. 
Alexander, Deutsche med. Wcehnschr., March 
28, 1930, lvi, 518.—( H. S. W.) 


New Sign in Artificial Pneumothorax. 
—At the end of inspiration, a loud, dry, 
sonorous and rubbing sound was heard in 
the intercapsular-vertebral region of the 
collapsed side. It sounded as though a solid 
body rubbed against the internal surface of 
the thoracic parietes. It was most marked 
for two days following a pneumothorax 
refill, Then it would disappear and not be 
audible again until the next treatment. 
With the patient lying in the dorsal decubitus 
position, the sound vanished. A palpable 
thrill was perceived simultaneously with the 
appearance of the sound. The author ob- 
served this phenomenon in 3 patients receiv- 
ing pneumothorax therapy. It is probably 
due to an “air ball” in the pleural cavity and 
the friction of a portion of the collapsed lung 
against the chest-wall.—Su un nuovo feno- 
meno ascoltatorio nel pneumotorace artificiale, 
R. Lusena, Tubercolosi, March, 1929, xxi, 
117,.—(U. E. 


THE AMERICAN REVIEW OF TUBERCULOSIS 


Adhesive Pleuritis in Artificial Pnev. 
mothorax.—Roentgenographs of partial 
pneumothorax were demonstrated. It seems 
that the pneumothorax pocket is not uni. 
formly transparent to the rays but is masked 
by large gray areas, slightly opaque, entirely 
homogeneous, and quite extensive, in certain 
films covering almost the entire pneumo. 
thorax. The inner margin often sends pro. 
longations toward the lung and mediastinum, 
The lung is ordinarily compressed against the 
mediastinum by the high intrapleural pres. 
sure which is maintained and its borders are 
not clearly defined; however the shadows 
are too homogeneous to be explained by a 
reflection of part of the pulmonary paren- 
chyma against the thoracic wall, while on 
the other hand they are too extensive and 
continuous to be attributed to adhesions 
in the pleural’ cavity. Their location is 
usually more toward the lateral chest-wall 


. and their uniform opacity recalls the appear- 


ance of small encysted effusions which de- 
velop outside the lung after abandonment of 
pneumothorax. In the most typical cases, 
however, there exists a definite pleural 
exudate in the lower part of the pocket, whose 
more opaque shadow, with an upper hori- 
zontal level, is clearly distinguishable. 
Without anatomical control, it seems reason- 
able to assert that there is a pleural thicken- 
ing, or pachypleuritis. These pictures 
almost always follow an exudate and suggest 
a gelatinous or pseudomembranous extension 
of the same along the walls of the pneumo- 
thorax. According to the work of Mantoux 
and Maingot, this pachypleuritis, to be per- 
ceptible on fluoroscopic examination, must 
reach a thickness of at least 10 to 15 mm. 
For this reason, doubtless, it was demon- 
strable in only 6 per cent of partial pneumo- 
thorax cases examined, eliminating all doubt- 
ful or indistinct shadows. These pleural 
modifications are very durable and stable, 
and, at least in cases in whom pneumo- 
thorax is continued, may last for years. 
Such pleural thickening does not necessarily 
result in symphysis, which can usually be 
prevented by frequently renewed insuffla- 
tions of air or nitrogen under strongly posi- 
tive pressure. Partial pneumothoraces may 
even be enlarged by insufflating every week 
or several times a week with the maximum 
pressures available with the Kiiss apparatus. 
This procedure necessitates frequent punc- 
tures and is hardly practicable outside of a 
hospital or sanatorium. Even in a sana- 
torium, gomenolated paraffin injections may 
be preferable, especially for chronic pleural 
tuberculosis, pyopneumothorax with per- 
sistent subfebrile state, or double simultane- 
ous pneumothorax threatened by symphysis. 
But insufflation has the advantage over oleo- 
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thorax of allowing the state of the pleural 
pocket and subjacent lung to be followed. 
Jt exposes less to grave complications, 
especially pleural ones, is easier and takes 
less time. That is why, in the beginning, 
in most cases of early symphysis or partial 
pneumothorax, an attempt is first made to 
maintain or improve the collapse by re- 
peated insufflations under strongly positive 
ium. @oressure. Later, when the pneumothorax 
walls are become sclerotic, firmer and less 
permeable and the tendency to symphysis is 
reduced, there is less hesitancy in having re- 
course to paraffin injections.—Pachypleurite 
au cours du pneumothorax artificiel et traite- 
ment de la symphyse pleurale, E. Bac and 
L. Reumaux, Section d@’études scientifiques 
de ’Oeuvre de la Tuberculose, November 10, 
1928, reported in Rev. d.l. Tuberc., February, 
1929, x, 125.—(A. P.) 


—Guinard first cites four personal observa- 
tions among 331 pneumothorax cases at the 
Sanatorium de Fontenay, at Bligny, from 


ural February, 1921, to February, 1929, examples 
0S Hof secondary infection not due to initial 
Ot @ pleuropulmonary perforation. Three of 


these patients died, one after a simple 
pleurotomy, another with a streptococcic 
infection and foetid pus, after lavage with 
serum and injection of gomenolated oil. 
The patient who recovered received pleural 
lavage with serum, having previously shown 
gram-positive diplococci in a thick purulent 
slightly odorous liquid. These four were 


ne the only frankly purulent cases; however, 
1st @ there were altogether 86 with exudate requir- 
“4 ing puncture, 57 being frankly serous and 


25 “puriform” or semipurulent. Altogether 
232, or 69 per cent, showed some fluid 
fluoroscopically, while 99, or 31 per cent, 
never showed any fluid. In 89 cases, or 26 
per cent, the fluid was minimal in quantity; 
in 57, or 18 per cent, it covered the hemidia- 
phragm or reached the angle of the scapula, 
without necessitating puncture, while 86, 
as stated, or 25 per cent, did require evacua- 
tion. Relation between Technique and Exu- 
date-Formation: During the first four years 
of this period the number requiring puncture 
was 33 per cent, during the last four 20 per 
cent. The diminution is attributed to (1) 
shorter spacing of refills, without any modi- 
fication of the terminal pressures; (2) avoid- 
ing rigorously any damage to the lung by the 
needle; and (3) avoiding, especially at first, 
any distention of adhesions or dislocation of 
the mediastinum. The usual intervals 
between refills have been 8, 10, 12 and 15 
days, in cases with a “supple” pneumo- 
thorax. The rapidity of insufflation, except 
perhaps in the very beginning, has appeared 
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to exert no influence on exudate-formation 
and all refills are carried out under pressure. 
All four cases of infection occurred during 
the earlier period, when the siphonage system 
of removal, usually through a trocar, was in 
use. Later on aclosed system was employed 
and ordinary insufflation needles used. It 
was observed that when siphonage with air 
contact was used some small gas bubbles 
would appear and flow backward in the 
evacuating tube. These are apt to be con- 
taminated by passage through the long rubber 
tubing. This condition is readily remedied 
by the use of Potain’s aspirating apparatus. 
Conclusions: 1: Secondary pleural infection 
occurred in only 1.2 per cent of 331 pneumo- 
thorax cases observed over eight years. It 
was thought to be due to external contamina- 
tion during aspiration and remedied by using 
a closed suction system (of Potain). 2: 
Frank pleural reactions occurred in 43 per 
cent, 25 per cent requiring evacuation of 
fluid. 3: Rapidity of insufflation seemed to 
have no influence but their number was 
reduced by (1) shorter intervals between 
refills, (2) care in avoiding puncture of the 
lung, and (3) avoidance of distention of 
adhesions and overpressure. In discussing 
the paper, Pissavy disagreed as to the in- 
nocuousness of rapid refills and emphasized 
the importance of another factor, the char- 
acter of the pulmonary lesion, collapse of 
very active lesions being very apt to be 
complicated by exudate, as compared with 
indolent or slightly active lesions.—(Quelques 
constatations a propos des épanchements du 
pneumothorax, U. Guinard, Section @ études 
scientifiques de VOeuvre de la Tuberculose, 
February 9, 1929, reported in Rev. d. |. 
Tuberc., April, 1929, x, 265.—(A. P.) 


Pleurisy Complicating Artificial Pneu- 
mothorax.—Pleurisy in the tuberculous 
often remains clinically silent and unmani- 
fested. Artificial pneumothorax is occasion- 
ally its activator. This complication occurs 
in 50 per cent of the patients receiving arti- 
ficial-pneumothorax therapy. Some authors 
believe that the pleurisy is tuberculous; 
others ascribe its origin to an exaggerated 
endopleural pressure. Nonsterile gas or 
needles may cause pleuralinfection. Pleural 
reactions may follow a too rapid introduc- 
tion of gas. In most cases the occurrence 
of pleurisy during pneumothorax therapy is 
directly attributable to carelessness in 
technique. By proper preparation and 
exercising ordinary caution much of the 
inconvenience to the patient and worry to 
the operator can be avoided.—Per evitare 
la pleurite pneumotoraccica A. Rabino, 
Tubercolosi, November, 1928, xx, 444.— 
(U. E. Z.) 
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Contralateral Pleurisy in Artificial 
Pneumothorax.—Hinault could find only 
27 published cases, not including the five 
which he reports. The incidence of this 
complication was 1.31 per cent at the Loomis 
Sanatorium (Peters) and Hinault’s 5 obser- 
vations recorded among 418 pneumothorax 
cases give a proportion of 1.2 per cent, almost 
identical with Peters. It is interesting to 
note that among these 418 cases were 142 
men and that all 5 pleurisies occurred in 
men. Altogether, serofibrinous pleurisy is 
unusual in the course of manifest pulmonary 
tuberculosis. Bezancgon and Weil saw only 
4 cases in six years in their specialized serv- 
ice, while in the general medical service 
there were 136 cases in this period. It is 
particularly to discuss the prognosis and 
treatment and determine the relation to 
subjacent pulmonary lesions that these cases 
are reported. The cases are summarized 
thus: (1) left pneumothorax, right localiza- 
tion, right pleurisy, fluid on the left; (2) 
right pneumothorax, left pleurisy, left 


pulmonary localization, fluid on the right; 
(3) left pneumothorax, pulmonary perfora- 
tion, right pulmonary localization, right 
pleurisy, meningitis; (4) right pneumothorax, 
left pleurisy, fluid on the right; (5) right 
pneumothorax, fluid on the right, left pleu- 
risy, pulmonary perforation. 


he outcome 
of the 5 cases was as follows: One case was 
completely cured, with total reéxpansion of 
the parenchyma of the pneumothorax side 
and roentgenographic integrity of both sides 
four years later. Two patients died in 
whom a bad prognosis was evident by reason 
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of contralateral parenchymal localization 
preceding the pleurisy and persistent bacil- 
larysputum. There was also a death from 
meningitis and one from pulmonary per- 
foration. The immediate effects are not 
generally very grave and the treatment, as 
set forth by Mlle. Huguet, consists in decom- 
pression and repeated punctures. The later 
results, on the other hand, appear to be less 
favorable, as corroborated by Pisoni and by 
Peters. In two cases a bilateral pneumo- 
thorax might have been of benefit but at 
this period was not currently practised. 
According to Ameuille, any subject who 
develops a pleurisy has 15 chances in 100 of 
later developing parenchymatous pulmonary 
tuberculosis. Here, however, there already 
exists a pulmonary tuberculosis, which the 
pneumothorax may have’arrested but which 
has been propagated, probably by the lym- 
phatic route, to the opposite pleura and the 
lung is threatened inasmuch as the pleurisy 
represents a stage in the development of 
tuberculous lesions. Should a double pneu- 
mothorax be induced in the absence of 
demonstrable pulmonary localization? This 
seems scarcely justifiable in view of the risks 
and complications. It seems wiser to 
reserve double pneumothorax for cases with 
pulmonary involvement preceding the 
pleurisy.— Les pleurisies contralatérales au 
cours du pneumothorax, V. Hinault, Section 
@’études scientifiques de ’Oeuvre de la Tuber- 
culose, December 8, 1928, reported in Rev. 
d. |. Tuberc., February, 1929, x, 148-——- 
(A. P.) 
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